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PREFACE TO THIRD EDITION. 

This might with propriety be called the fourth edition— the main idea 
of the work having been embodied in a pamphlet under the same title, 
published in 1873. but long since forgotten. The successive editions 
have reached their present form by accretion, rather than by develop- 
ment; like Topsey.the book has "growed," rather than been ' brought 
up. and just as that young lady exhibited numerous traits which were 
inconsistent with a proper training, so this book shows patch- work and 
inequalities which do not add either to its value or its attractiveness. 

Of all this the author is fully conscious, and if he could possibly have 
secured the necessary leisure ho would gladly have rewritten the entiro 
volume. But pressing, or rather imperative calls upon his time, have 
prevented this, and he has, therefore, been compelled to feel satisfied 
with such general revision and additions as were necessary to bring the 
work up to the present state of our knowledge. 

The book is still intended for beginners and has changed nothing of 
its elementary character. It is true that wo have inserted a few pages 
relating to the higher class of objectives, and the accessories used with 
them, but those who do not possess such apparatus can easily skip 
these passages. 

That it is suited to the purpose for which it was intended, we have 
evidence, not only in the extended sale which it has secured, but in 
the fact that it has been adopted as an auxiliary text-book in several 
of our schools and colleges. 

New York, January, 1881. 
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PREFACE TO SECOND EDITION. 

The fact that an unusually large edition of this work has been sold in 
a comparatively short period, is, to the author, evidence that such a 
work was needed, and that the present volume has, to a certain extent, 
supplied the want. In the present edition, therefore, he has endeavored 
to introduce several important improvements, while at the same time 
the elementary character of the work remains unaltered. With a few 
very slight and unimportant exceptions, the entire matter of the former 
edition has been incorporated in the present, and in addition several 
important subjects, particularly the chapter on objectives, liav» lvwn 
greatly enlarged. 
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Many important points still remain untouched, bat it is believed that 

in its present form most beginners will And in it all the information 
that they may require upon general topics. 

As the want of all illustrations of the stands of different makers, and 
of many accessories, has been urged as an objection to the first edition, 
and as we have not deemed it advisable to fully supply this omission in 
the present issue, a word of explanation may not be out of place. One 
great object in view in the preparation of this book was the furnishing 
of a cheap manual for those who cannot afford the more expensive books 
of Carpenter, Beale, Frey, etc. To have given anything like a fair rep- 
resentation of the products of the different makers of this country and 
of Europe, would have nearly doubled the size and price of the volume. 
But if the reader will examine the engravings of stands, etc, in the 
books just mentioned, he will find that, even in the best of them, these 
illustrations are mere reproductions of the figures found in the descrip- 
tive lists of the various dealers. As new editions of these lists are being 
constantly issued, and as they may in most cases be obtained without 
cost from those that publish them, we have thought it best to refer our 
readers to these catalogues for information in regard to the construction 
of the instruments of different makers. For the addresses of the promi- 
nent microscope makers of this country and Europe we refer our 
readers to "The Mieroscopist's Annual." 

In this, as in the previous edition, we have omitted all descriptions of 
objects, believing that the proper aim of a book on the microscope 
should not be to teach the general principles of botany, zoology or 
histology, but simply the best methods of using the microscope in the 
pursuit of these studies. The proper books in which to find a descrip- 
tion of objects, are those which treat of that department of science which 
takes cognizance of the special subject under consideration. The 
present volume is intended merely as a guide to the best general 
methods of using the microscope. 

It has been a source of great satisfaction to the author to be assnred 
by those whom he deems good authority, that this little book has done 
much to foster the use of the microscope in this country, and he hopes 
thfit the present improved edition will tend to still further increase the 
deep interest whieh is already felt in an instrument which has done 
more than any other to extend our knowledge of organic nature. 

N*>ir> York. August, 1877. 
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The Microscope and its applications in tbe Arts, and in general science, 
having deservedly occupied a prominent place in the pages of The Tech- 
nologist, ob Industrial Monthly, a very large number of enquiries in 
regard to the best methods of using and applying this useful instrument 
have been directed to us. It would have been easy to answer these en- 
quiries by a reference to some one of the many treatises that have been 
published on this subject, but as most of these works are expensive, and 
as many of our correspondents desire an answer in a more concise and 
simple shape, we have endeavored to give, in cheap and compact form, the 
information that is most usually demanded. 

It is an unfortunate fact that while the microscope is daily growing in 
favor with those who know anything of its achievements, the operations 
of certain parties, too well known to the public, have brought a certain 
degree of suspicion upon all attempts to popularize this most valuable 
instrument. Microscopes, varying in price from twenty-five cents to two 
dollars and a half have been offered for sale, and the claim made for them 
that they are capable of showing clearly the structure of the more min- 
ute tissues, and that they may be used to advantage by physicians and 
naturalists. To the young student whose means are limited, and to the 
country practitioner, whose ability to supply himself with needed books 
'and instruments often falls far short of his desires, the offer of a service- 
able microscope for a couple of dollars is a great temptation, and when 
the instrument in question id endorsed by a long list of clergymen, law- 
yers, and even editors, this temptation becomes irresistible. And if the 
purchaser should happen to be unfamiliar with really good microscopes, 
and unable to discriminate between a clear and accurately defined view 
of any object and one that is distorted and incorrect, he may be led to use 
it, and so fall into the most serious mistakes. That this, unfortunately, 
does happen too often must be well known to all who are familiar with the 
subject, audit is within our own knowledge that the most wor 
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cature of a microscope has been purchased and used under such circum- 
stances. 

We indulge a faint hope that the information conveyed in the following 
pages will enable the inexperienced reader to avoid these mistakes, and to 
assign a proper value to the certificates of clergymen and editors who 
vouch for the excellence of articles concerning whose properties and uses 
they are profoundly ignorant. These two classes we single out for repro- 
bation, because— in this r aspect, at least — they seem to be sinners above 
all other men. 

As stated in the title page, it is intended for beginners, and not for 
beginners in the use of the microscope only, but for those who have had 
little or no experience in the use of instruments of any kind. Hence the 
directions that are given are of the very simplest kind, and all theoretical 
explanations have been avoided, for the reason that any person that is 
desirous of studying the optical principles upon which the microscope is 
constructed will find in the ordinary text books on natural philosophy all 
the information he may want. Our object has been solely to impart such 
information as will enable the reader to make a beginning in the practice 
of microscopy, hoping that the start thus given will lead him to proceed 
with his studies, and ultimately acquire that knowledge, skill and dexter- 
ity which will enable him to avail himself of the extraordinary powers and 
advantages which the use of this instrument confers, both in scientific 
pursuits and in everyday life. Above all things, therefore, we have en- 
deavored to be accurate in our statements and judicious in our directions, 
and the reader is assured that no processes or methods are given which 
we ourselves have not frequently and successfully put in practice. 



JOHN PHIN. 
Jkw York, January. 1875. 
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TkiQBands of microscopes throughout the country are at the pres- 
ent day lying idle, simply because their owners do not know bow t< 
use thsin. If properly employed they might be made to afford au 
incalculable amount of inatruction ami amusement; but, as it is, they 
area drag upon the popularization of aoienee, because (bey convey 
the idea that the microscope is ti difficult instrument to use. mid 
tlwl it is not of much accouut after we have learned to use it. The 
owners of these microscopes have examined all the mounted objects 
•* tbeir command, the entire number of which probably doea not 
ticcedtwo or three dozen, and they have no m farm it ion as to the 
beat methods of prejmriiiK eimiuion objucts for examination or pre- 
sanation. Even the objects that they possess have never been ex- 
plained to them, and are merely pretty toys. The fly's eye ia inter- 
esliog because it looks like a piece of netting, and the butterfly's 
"iugis attractive because it is probably a little more brilliant than 
11m inoat brilliant silk dress, but neither of t L- ■-.>.■ .il-j.-ots interests of 
itaelf and because of its beautiful structure. 

Moreover it often happens that an instrument which, when first 
purchased, was of very fair quality, 1ms, through ignorance and 
carelessness, become ao aoihd and dimmed that it no longer serves 
the purpose intended. On more than one occasion have we seen a 
fine microscope leave the dealer's hands in excellent order, and re- 
turn in a week entirely unfit for use. Microscopes in this condition, 
instead of being a source of instruction and pleasure, are an eyesore 
and an occasion of annoyance. TIkv continually n.tvc us reminders 
of awkwardness and failure, of wasted time and ill-spent money. 
And yet with proper instruction and a due amount of care all this 
might have been avoided. 

It ia also a lact to be regretted that heretofore the microscope has 
not been extensively employed in the arts, and in everyday life, 
simply because practical men have not been taught how to use it, 
and consequently have been unable to avail themselves of the advan- 
tages which it offers; hut if carefully and judiciously selected, and 
properly handled, it is capable of affording an amount and kind 01 
assistance which cannot be safely neglected. It may be made to aid 
in the examination of raw materials, and of the finer kinds of work ; 
it will enable us to measure spaces which would otherwise be inop- 
preeiftble, aud this, in au age when even in ordinary machine shops 
the thousandth part of an inch is frequently au important quantity, 
■a it indispensable to the careful aud skillful mechanic; on the 
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farm it will enable the agriculturist to examine closely and minutely 
the various noxious insects and forms of fungi and blight, and thus 
aid him in identifying them aud applying the proper remedy; and 
in the examination of minute seeds, such as timothy, clover, etc., it 
will prose a very valuable assistant, enabling him to detect any in- 
feriority in the quality, or any impurity or adulteration. Frequently 
the agricultural seeds offered in market contain minute seeds of of- 
fensive weeds, many of which are so small that they are not easily dis- 
covered by the naked eye. 

Every farmer and mechanic knows the value of a good pair of 
eyes, and he also knows that an agent which doubles or trebles our 
power in any given direction at once confers upon us in that respect 
a superiority over our fellows. Very few men are twice as strong as 
their comrades; still fewer have throe times the strength of ordinary 
men, aud it may be safely affirmed that no man possesses the power 
of ten ordinary men. But ft microscope of very ordinary capacity at 
once multiplies our powers of sight by ten, twenty, or even a hun- 
dred times, while those of the bettor class enable ub to see things 
with a keenness and clearness which, when compared with that af- 
forded by the naked eye, is as more than a thousand to one. 

There are four distinct and important directions in which a mi- 
croscope may be made to serve us: I. It is capable of affording the 
most refined and elevating kind of pleasure by the exhibition of ob- 
jects of extreme beauty and interest. There are few more splendid 
sights than the gorgeous colors displayed by some objects when 
viewed by polarized light, and even the tints of certain minerals, 
and the brilliant scales of certain insects, when viewed as opaque 
objects, by meanB of ft good condenser, surpass anything that is 
familiar to us in our ordinary experience. Ou the other hand the 
exquisite beanty of form which is characteristic of most of the ob- 
jects with which the microscopist concerns himself can be fully ap- 
preciated only by those who have seen them. As a source of inno- 
cent amnsement and pleasure, therefore, the microscope has few or 
no equals; for it may bo safely affirmed that a five-dollar instrument 
is capable of affording gratification of greater variety and intensity, 
and of longer continuance, thai: that yielded by anything else of 
6 cost This arises chiefly from the fact that most other in- 
struments, when once exhibited, with their slides or fixtures, lose 
irest, and become old. While for the micro- 
tr fibres of wool from the carpet, a few grains of sand from 
ire, or a handful of wild flowers from tlio field, yield ob- 
g beauty. Everything in nature and in art may " 
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subjected to inspection by it, and will then disclose ne< 
Mid fresh sources of knowledge. Under it the point of the finest 
cambric needle loots like a crow-bar, grooved aod seamed with 
scratches; the eye of the fly is seen to consist of thousands of eyes; 
and the dost on the butterfly's wing appears to be what it really is, 
scales laid on with all the regularity of shingles or slates on a house; 
while to prepare and examine these simple objects requires so great 
skill and do elaborate apparatus. 

2. As a means of imparting instruction to the young, the micros- 
cope has now become indispensable. The changes which of lute 
years have taken place io the views held by oor ablest men in regard 
to the hest education are too well known to nerd even mention. 
No education that dots not include a knowledge of natural science 
is now regarded as complete, aod there is a very wide range of the 
most essential and practical koowledge that ran be reached only 
through the microscope. Thus, when we look at a leaf with the 
naked eye, we see hut a. green mass of matter, possessing a certain 
beautiful form, it is true, hot disclosing none of those organs which 
render it more complicated and wonderful tlinn anything ever pro- 
duced by our most skilful mechanics. Looked at by the micro- 
scope, however, this same loaf is found to be made up of innumer- 
able parts, each one of which is highly complex and beautiful; it is 
furnished with mouths for breathing, with cells for storing, digest- 
ing and assimilating nutriment, and with ribs for strengthening its 

re; and all this, which is perfectly invisible to the unassisted 
3 distinct and obvious when we call to onr aid a 
iven moderate power. It is true that much of this 
may be taught by moans of books, engravings and verbal descrip- 
tions, but every one knows that for distinctness and impressivenets 
the very best engravings fall far short of a view of the real object. 

3. As an instrument of research, the microscope now occupies a 
position which is second to none. There is hardly any department 
of science in which a student cm: hope to reach eminence without a 
familiarity with the mioroscope. Botany and Zoology have been 
developed almost wholly by its aid, and so necessary is it in the 
study of these sciences, that Selilciden, one of the most successful 
of investigators says of it: " Ho who expects to become a botanist 
or a zoologist without using the microscope, is, io say the least of 
him, as great afoot as be who wishes to study the heavens without 
telescope." In chemistry its services have been very important, and 

n geology and mineralogy it has opened np new fields of research 
h almost promise to revolutionize these sciences. Medicine " 
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nt i!hi [niwi-r ■ ■ f llin injcr 'ii|h.i iih mi iuntniineut of research. 'For 

tmttl'i liny llilnlt that In order to detect adulteration all that is 

i.i place il luiiuplo under the microscope, when all im- 

purltlea will nt "in'" utauil t««i t conspicuously! To their imagination 

i i I'lnarly marliud with the name of the animal 

I. ll v.,.-, nl.lu ill 

in batwavii tlii'Hii oilruiiios. No progress ceiu be made 
»tly applloatkui and persistant labor, bnt any person of 

loiiito degree of perseverance can soon 

ilmboatan traok at leaat, if not to branch out into 
Hal laavarvli. 




THE SELECTION AND USE 



THE MICROSCOPE. 



What is a Microscope f— The niieri •scope is an instru- 
ment which enables us to see either very minute objects or 
very minute parts of largo objects. It is a very popular idea 
that the name microscope is applicable only to complex instru- 
ments of considerable power; but this is clearly wrong. A ton 
cent magnifying glass has as good a right to the name micro- 
scone as has a complicated binocular instrument with all the 
latest improvements. By common consent, however, the small 
hand instruments, without stands, are generally called mar/ni- 
Jters.- An attempt has been made to introduce the foreign word 
lonpe as an equivalent of magnifier. The word loupe is, how- 
ever, superfluous, and is used only by ostentatious pedants, and 
by foreigners who are ignorant of English. 

What tlie Microscope Does.— It is well known that 
the further off any object is, the loss it appears. A house at a 
distance appears less than a mau who is close by, and the dis- 
tinctness with which, an object is seen depends largely upon its 
apparent size. Thus, at a distance, a house not only appears 
very small, but the windows cannot be distinguished from the 
rest of the building. As we draw nearer it becomes apparently 
larger, and the different parts become more distinct. First the 
windows are seen clearly, then the individual panes of glass, 
then the bricks, and finally the grains of the material of which 
the bricks are made. When, however, we approach too 
we again And it impossible to sen distinctly, as may eai 
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at l1JM(l|li1ll. ;md the 
very much 
m to (heir 
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for distinct vision is about ten aches, in persons of middle 
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object fli-arly and distinctly from a distance of one inch, will 
enable us to *ee it just ten times larger and ten times more dis- 
hr id do when looking at it from a distance of 

deration of these fatts led the late Dr. 
; feeqpa aa a anbstitnte for the 
\Kope signifying to see things 
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organs of vision. Now, the eye, considered merely us nil optical 
instrnraent, ia in reality a email cirmern obscura in which the 
cornea, crystalline lens, ami oth<'rt nun^io-runt portions, combine 
to throw upon the retina sn image of eiteruul objects. That 
the transparent portions of the eye do in fact act as a lens, and 
throw a real image upon the retina or posterior portion of the 
eye, is easily shown by taking the fresh eye of an ox and grad- 
nn]]y shaving off the coaling at the back until it becomes 
transparent. If the eye, so prepared, be then held towards 
R window or any very bright object, a distinct but inverted 
image of the window or other object will l>e seen on the coat 
of the eye. 

The action of the eye in this case is the same as that of a 
lens, and the general mode of action of lenses nnder snah cir- 
cumstances may be easily illustrated by means of a common 
hand magnifier or even a spectacle glass. If the reader will 
hold before a window, at a distance of, say, six feet, a sheet of 
white paper, and will place a magnifier in front of (he paper, 
then by properly adjusting the distance between the magnifier 
&nd the paper, a picture of the window will be thrown on the 
latter. If the magnifier and paper be now removed to a dis- 
tance of twelve feet from the window, the picture of the latter 
'ill be only half as large as it was in the first place, and it will 
>lw be found that the distance of the lens from the paper will 
We to be readjusted and made less. 

That the eye possesses this power of adjustment we ore all 
oonaciotis, for we feel that if, when the eye is adjusted for the 
diatinct vision of distant objects, we suddenly look at those 
which are near, the condition of the eye requires to be changed 
before a distinct view can be had, and to make this change 
requires an effort of which we are perfectly conscious. 

When a lens is held in front of a sheet of paper, so as to 
throw ou the latter a distinct image of the objects in front of 
it, the distance between the paper and the lens is called the 
hoi! d'abiace or focal iemjlh of the latter. This, as we have 
just seen, varies with the distance of the object which gives the 
imago. In order, therefore, to secure a standard in this 
respect the object selected is always one whose distance is so 
great that it may be practically regarded as infinite. 



When wo examine an object, first at a distance, and then 
close at hand, we see it through the medium of two different 
seta of rajs, those in the latter case entering the eye in such a 
direction that the image thrown on the retina is larger than the 
image produced when the object is more distant. The lens acta, 
however, by bending the rajs so that the same set, which, if 
allowed to pursue their natural direction would not produce a 
distinct image, are caused to enter the eye in such a direction that 
the image is large and clear. Themunner in which the lens acts 
to produce these effects is not difficult to understand. It is true 
that the ultimate wu«s which produce these phenomena are 
beyond our knowledge, but in this respect the ablest philos- 
opher has very little advantage over the veriest tyro. It may 
he difficult also for the general reader to follow the mathe- 
matical demonstrations of the action of lenses. There are, 
however, a few simple facts which are easily understood, or at 
least demonstrated and accepted as fads, and which, when 
clearly and firmly grasped by the mind, render the construction 
of the microscope comparatively easy of comprehension. 

There are two ways in which the subject may be studied. 
We may examine the facts experimentally, by using lenses 
and actual eyes in the way we have described, or we may fol- 
low the course of the rays as laid down iu any good book on 
optics. A combination of both methods will of course give 
the clearest views on the subject, and we would therefore ad- 
vise the reader to provide himself with a few lenses of various 
degrees of curvature, and consequently of various magnifying 
powers, and test all the statements made in the text. He will 
thus acquire such a pnictii-ul knowledge of the action of lenses 
as can be obtained in no other way. For this purpose the 
oheapest lenses are good enough. One or two cheap magni- 
fiers and a few glasses from old spectacles will serve every pur- 
pOMh 'I'll.' simplest methods of arranging such lenses will be 
fonud in a nolo on a subsequent page, and although very ac- 
tooleare required for the construction of ser- 
iustrumenta, it will be found that a very 
liiuple but valuable experiments may be 
aid of a few wooden rollers aud a little 





or tub unciiosraM-fi. 

While the magnifying power of lenses depends upon their 
focal length, this in turn depends upon tin- tuiitcriuJ of which 
the lens is made, and also ujnin the cnrvature given to its sur- 
faces. Lenses of precisely the same form, and 
ively of diamond, flint glass, crown glusB and Canada balsam 
would possess different magnifying powers; the diamond mag- 
nifying most, the flint gloss next, crown glum next, and Canada 
tnlsam least of all. On the other hand, of two lenses composed 
of the same material, that which has the sharpest curvature to 
its surfaces will magnify must. Now, on reflection, it will be 
evident to even the least mutliomuticiil mind that lenses which 
hare very sharp or quick curves must of necessity be small. 
Suppose the curve which hounds the figure of a lens has a 
radius of half an inch, it in evident Unit the bir^est lens which 
could be mode with this curve would he one iuch in diameter, 
and then it would be a perfect sphere. Most lenses, however, 
resemble thin slices off the spheres, or in some cases two such 
llta joined together, bo that the diameter of the lens is in 
general greatly less than the radius of the curves which form 
its surface. Therefore, we see that all louses of high power are 
<>t iiticcssity small, and when lenses arc required of very high 
power they become so minute as to be handled only with great 
difficulty. Indeed, before the modern improvements in the 
niicroseope, many of the lenses used by scientific men were 
notliing more than little globules of glass, brought to a round 
form by fusion. 

ffehSTe made this lengthened explanation of a very simple 
matter because we have found amongst beginners iu micro- 
scopy a very general idea that large lenses are the most power- 
ful "Send me one of your largest and most powerful mag- 
nifiers,'' is an order with which every optician is familiar, and 

yet such an order contains a i indict inn in terms, A lens 

cannot possibly he large and magnify greatly at the same time. 

The Different Kinds of Microscopes.— Microscopes 
are divided into two classes— simple mul eoiupmnid — the dif- 
ference between them being purely 'iotie.il. nel n.-il mechanical; 
for ft simple microscope may be very complex and expensive, 
the other hand, a microscope may be c 
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yet contain very few parts. Thus the little vertical ] 
microscopes, which cost only S2, 50, are compound, although 
very simple in construction, while a simple microscope, if bin- 
ocular, and provided with all desirable adjustments, might be 
a very complicated affair. The difference between simple and 
compound microscopes is this: in the simple microscope we 
look at the object directly, while in the compound microscope 
wo look at a magnified image of the object In the simple 
microscope, objects are always seen in their natural position, 
while in the compound microscope they ;ire inverted, and right 
becomes left, and left becomes right. This makes it very diffi- 
cult for beginners to work upon objects under the compound 
microscope; and hence simple microscopes we almost alwayB 
used for dissecting and botanizing. 

It is true that by adding more lenses, and making the instru- 
ment still more compound, we can again invert the image, and 
thus bring it back to its original and natural position, and. 
almost all the very expensive microscopes are furnished with 
these extra lenses arranged in a piece of accessory apparatus 
technically known as an erector. The distinguishing feature of 
the compound microscope remains, however, the same. Certain 
forma of the microscope, in which couarve lenses are substi- 
tuted for the usual convex form, also give erect images, but 
this does not affect the general truth of the statement just 

Simple microscopes frequently consist of more than one 
lens. Thus, in using the ordinary pocket iniignitiora with two 
or three lenses, it is usual to employ all the lenses at once, look- 
ing at the object through two or three lenses at the same time 
when a high power is required. In this case, however, the two 
in- three 1. rises are placed close together and act in the same 
a single lens, with surfaces more sharply curved than 
i the lenses forming the combination. Under 
as the image is nut inverted, but if we now 
ssiilHi-i.-iiily, we will tindthat on again bring- 
O focus, the image is inverted and greatly 
"\ will be found that the magnifying 
il by increasing the distance be- 
10 be found that as the din.. 




tance of the two lenses from each other is increased, the dis- 
tance at which the combination is placed from the object must 
be made less and eiee verst/.* 

The early forma of the compound microscope consisted of 
little more than the two lenses we have just described, but the 
modern instrument, even in its simplest form, is a vastly n 
complicated arrangement. In the bent forms, for the lens next 
the eye there is substituted an eye-piece consisting of two lenses ' 
with a diaphragm between them, while the objective, or lens nest 
the object, is composed of from four to ten different pieces of 
glass, forming two or more- lenses, which are so arranged that 
each shall correct ihe defects of the others, and this optical 
combination is mounted oil a stand which is sometimes a mar- 
vel of mechanical ingenuity, 

•The student who possesses a little mechanical genial ami a desire to 
become Opertmentally acquainted with the. properties of lensea and the 
construction of tin- microscope, would do well to pruenre a couple of cheap 
lunaes, any one of half inch focus, ;iinl one of about two joehi s focus, and test 
by actual trial tho statements mails in the, text. Such lenses may he con- 
veniently arranged in a tube fi-rru.-d of writing paper and gummed on tho 
edges. All the most important | in.n >■ ■ 1 1 Li h ami defects uf lenses may ho thua 
illustrated ami studied. By means of a little estracare, two such lensea, ar- 
ranged as wc have described, i:i inbcsblnelo'iied on the inside, aud mounted 
on a little wooden stand, the focus being io!j listed by eliding the tube hold- 
ing the leusea within another lube, also of paper, "ill give not ouly a very 
fair view of audi objects as tho whig of afly, tho scales on a butterfly's wing, 
and even tho barbs ou the sting of a bee, hut it will show the globules of 
blood quite distinctly, and we have even given a very interesting exhibi- 
tion of the circulation of tin: I. hod in tho foot of a frog by means of a 
temporary arrangement of ll-i* kind, which wo put tog,-! her for tho pur- 
pose of esplaining to a little girl tho construction of the microscope. We 
Would not recommend any one to use such a microscope for purposes of 
Worli or study, because the fallacies to which it may give riao are too 
numerous and too serious. Hut any hoy, or even girl, who will undertake 
the construction of such an iustrurn.-nt-. cannot fail to obtain thereby an 
arnonut of information which the perusal of volumes would not give. As 
liintfl towards aiding our young friend*, we may remark that our tubes 
wore made of the host, stiff paper, soli, d up tight and pasted ouly along 
the outer edge. The leuses were secured in their places by being attached 
to the bottoms of pill-boxes, holes being punched through to admit tho 
light. Pill-Doses with holes were iilw. iisi il lor diaphragms to reduce the 
effects of aberration. A piece < C mirror icihvtcd the light, and tho aides 
t;to., of an old cigar lux fnrnislied material for tho stand. Fifty cents. 
covered atl expenses. 



K use lit la 1 Parts of tlte Microscope. —When a good 

lens ielield steadily ut a certain distance from an object which 
in properly illuminated, this distance depending upon the form 
aiid material of the lena, we are enabled to see the object clearly 
and distinctly. When, however, this distance is either in- 
creased or diminished, the object becomes blurred and indis- 
tinct. The point at which vision is most distinct is called the 
foeUM^ei tlielens, and when we are able to see it clearly the 
object is (tuiil to be in facw; when the distance is either in- 
cfr-in-jT] or diminished, it in said to be im( if fucus. An object 
ionniil to lie within- the focus when the lens is too near it, and 
heym-d tlie focus when the lens is too far away. 

Tile performance of any lens depends greatly upon the ac- 
curacy with which it is adjusted to the correct focal distance, 
iirnl i in' steadiness with which it is held there. For all ordi- 
nary purposes, lenses which do uot magnify more than ten 
diameter)) may be very conveniently held in the hand without 
■uy H" '■■'■' I means of support; but when the power is much 
grcatin than this, or where, as in the compound instrument, 
the microscope is bulky and heavy, it becomes necessary to use 
noma mechanical contrivance which will hold the microscope 
steadily in its position in relation to the object, otherwise the 
view becomes indistinct. Thus a good lens, magnifying from 
thirty to forty diameters, will very readily show the individual 
corpuscles or globules in the blood of the frog, provided it is 
arranged oil a steady support and accurately adjusted for focus. 
i(ut if the limn be merely held in the hand, without any firm 
sii|i|m,iI, il. will be impossible for ilie observer to see the 

Another important point is the illumination of the object. 
Unless the object bo properly illuminated it cannot be dis- 

■ 1 1 i- hi ureely iMvcjuwrv to inform I ho riNiilor that tin: fiicus described 
in tho t^it 1« not. prMfidy the footu of the leas itself, but the focus of a 

couiiii d Ii-tih ill" lvhk-li the cyu fiinni i clement. Hence tho focal 

distanon varies with different eyes, and so does tho apparent size of ob- 
jects. To short sighted people ■>l-.ii-i i ^ iif ■ i^ :i i- uf hir-er cii.- ilniu they do 
lo persons of ordinary nyi'-siulil. In ivoi'khij; villi I lift coin pound miero- 
e frequently liud that different people require a different focal 




tinetly seen, and consequently all microscopes, except tho 
simplest forms of hand magnifiers, are provided with m 
for throning tho light upon tlie object, and for regulating tho 
amount which shall c.-itlici- fall upon it or pass through it. 

Hence the importance of providing cfneie.nl in wins for ad- 
justing tlii 1 focus and holding and illuminating the object, anil 
the purpose which the stand is intended to fulfil, is to furnish 
these means in a compact and convenient form. Every micro- 
Keope, therefore, of n grade abovo a hand luagnifier, whether 
it ho simple or compound, must possess : 

1. Suitable moans fur supporting the object, and placing and 
msuatauung it. in proper position. 

2. Means for illuminating lite, object, either by throwing tho 
light upon it when it is opaque, or transmit ling tho light 
llirongh it when it is transparent. 

:l Means fur transmitting to the eye an enlarged image of tho 

The different parts which are employed for securing those 
Several ends, have been constructed of an almost endless va- 
vii.'ly of forms, according to the fancies of tin different makers 
nm.1 the requirements of different microscopists. As it is im- 
port aid that the student sbouid familiarize himself with the 
names of these dhterent part-, we give n definition of them, 
and in order that there may be no opportunity for mistake or 
misapprehension, we have also engraved an outline of one of 
the ordinary forms of the microscope, and on this wo have 
marked the names of the different parts. 



NAMES OF THE DIFFERENT PABTS. 

The following are the names of the essential parts of a com- 
pound microscope of ordinary const motion. The names of the 
different parts of the simple microscope are, the same as those 
Of the ..impound microscope, but the latter has several parts 
which do not exist in the former. 

The fill nut is the name properly applied to the entire frame 
used for supporting and illiniiitiatiii.w the ubjecl. and for carry- 
ing and adjusting the optical part, the latter consisting of the 
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eyepiece and the objective. Stands aro fie«pientlv sold s.par 
ately, or furnished with eye-pi«*ces only— tin* purchaser making 
such a selection of object ives and other acccssori»s, as may lu-t 
suit his special needs. 

The Base or Foot is that part which supports the rest nf l!: ■• 
stand. 

The Both/ is the tul >e to which the rye-pirn* and nlijccthrs 
aie attached. 

A Drmc-tube is a secondary bodv wliich rrrrivrs thr cve-i>i« cr. 

slides within the main body like the draw of a tflrsnipf. 

It enables us to increase the distance between the ey -piece and 

the objective, and thus to change the magnify ing power, as 

explained in a previous paragraph. 

X Collar is a short tul>e through which either the body, the 
draw-tube, or the eye-piece slides. 

Thclm is that part which carries the body. 

The Stage is the plate upon wliich the object is placed f«n- 
examination. 

Clips are springs attached to the stage for the purpose «>f 
holding in place the gloss slide or plate carrying the object. 

A Sub-stage is furnished with some instruments. It is used 
for holding and centering various means of illumination. No 
sub-stage is shown in the diagram. Fig. 1. The sub-stage, with 
its centering arrangements, is shown very clearly in the. lloss 
model, Plate I. 

Sub-stage Ring. — Instead of being provided with a sub-stage, 
many cheap microscopes are furnished with what is known as 
a sub-stage ring or tube. This serves to receive the polarizer, 
paraboloid, etc. 

The Object-Glass or Objective is the lens or lenses which are 
placed next the object. The term Object-glass is sometimes 
applied to the glass plate or slide upon which the object is 
placed, but this use of the word is entirely wrong, and tends to 
produce confusion. 

The Society Screw is a screw of a certain standard size for con- 
necting the objective to the body. In microscopes furnished 
with a screw of the Society's standard, the objectives of any 
American" or English maker may be used. The makers on the 
continent of Europe have now very generally adopted the So- 
ciety Screw. In this country the Society Screw has been uni- 
versally adopted, but as it has been found too small for 1 ^-»- 
power objectives of wide angle, another screw, nam* 




Brood Gauge, is sometimes used in addition to the Society 

In all microscopes, unguis nu< pimidod [.>!■ moving thn objec- 
tive to and from tlio nl.t.j-'ct, so sis In luing the hitter into focus, 
fls it is called. Aecordine; us the device used for this purpose 
nuts coarse] v l>nt rapidly, or slowly 1 nit delicately, it is called 
;i riKti-nr urn fin- fi'lji'stufiit, 'tin' best, in i i:n iscopes urn provided 
with lml.ii kinds, so that the object is fust brought approxi- 
mately, lint rapidly, into focus by one, and then adjusted more 
slunk, I jut with great accuracy, by the other. 

The Ci.iii-hp Ar!ji<*/iiti:iil lias several forms. In Fig. 1 it consists 
of a melt and pinion. In some cases it is a chain movement; 
very often it is e fleeted by merely sliding tin. 1 body up and 
down through ii tnbiiliir collar by hand, as in Fig. 13. 

The Vim- Ailjustiih'iil usually consists of a fine screw, some- 
times culled, improperly, a mvcrrnnettr «rei», which moves either 
the entire body or the lower part of it, called the nose-piece. 
Iu .some cheap stands, the line adjustment is effected by moving 
the stage towards the objective. 

The Sose-pie'v is a short, tube, which fits into the lower end 
of the body, and carries (ho Society screw (it its lower end. 
' Sometimes it is made to slid'' out and in, and thus forms part 
of the line adjustment. In the instrument figured in the dia- 
gram, it is immovable. The term i"i.iv-/ji".-ir is ulso applied to 
certain accessories which enable lis to iillaeh diflerent pieces of 
apparatus to the microscope, as, for example, two or more ob- 
ji'i'livos at time, I. lie analy/.cr of tin- polariscope, elc. 

A Diiiphriii/iit is usually u thin plate of metal pierced with a 
hole, the si/e of which regulates the diameter of the pencil of 
hivs I hiit. pas'- through, 'there is a diaphragm in I he evc-pieco 
which contracts the iield of view, and cuts off' those rays which 
li'iid to confute tin- f ; i . n u' ■ ■ - . nml all g ! mieruseuptis have a dia- 
phragm iitta. '.■■■ I., il." -tuge, whereby the amount of light 

pas.in.i; fhri'iuh il ■• ! ;.i the i ,1 'jed ive may be regulated. 

1 unti'ii'l fif a th in plate "1 incliil, an arrangement known as the 
r. used in the microscope stnmn in the 
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>nth several eye-pieces of different powers, which may be 
changed at pleasure. We may here remark that where a mi- 
croscope is furnished with several eye-pieces, tin 1 shttrhvt eye- 
piece gives the greatest magnifying power. 

The Cap is a cover which fits over the top of the cye-pieee. 
It is pierced with a hole, to allow the rays which pass through 
the instrument to reach the eye. This cap is sometimes covered 
with a second cap, which has no hole, hut which is intended 
to exclude dust from the eye-lens, and which is removed when 
the instrument is in use. 

The Mirror reflects the light, and causes it either to fall 
upon the object or to pass through it, su as to render it 
visible. 

The Mirror-bar is a bar attached to the stand and carrying 
the mirror. It is usually made to turn on a pivot, and in the 
microscope shown in Fig. 1, it consists of two parts sliding 
upon each other, so that it may be shortened or lengthened, as 
circumstances require. 

Accessories are those parts of the microscope which are used 
only for special purposes, such as the paraboloid, the camera 
lucida, stage forceps, etc. 

The Object is that which is subjected to examination. It is 
usually mounted upon 

A Slide, or plate of glass, which is laid upon the stage. 

All these parts w r ill be fully described in a subsequent part 
of this volume, and their utility and importance explained. It 
is greatly to be desired that the young mieroscopist should 
familiarize himself with the terms employed, so that he may 
always use them accuratelv. Anvthing that he mav sav or 
write will then be clearly understood by all who have given 
careful attention to the subject. So important does the author 
deem this matter, that he has in an advanced state of prepara- 
tion an extended glossary or dictionary of microscopical terms. 




SIMPLE MICROSCOPES. 

The simple microscope is an tadfcpeoBBble assistant to those 
who use the compound instrument, as well as to those who rely 
upon it alone for the examination oi flowers, seeds, minerals, 
textile fabrics, etc. We shall therefore devote some space to 
a consideration of its various forms, though even then wo shall 
be unable to do more than describe certain typical models 
which, however, afford variety enough for all practical pur- 



Hand Mag uifl era.— These are so generally useful find 
applicable that they are used by all who wish a cheap and yet 
efficient aid to natural vision. They are found in market in a 
great variety of forms, stylos of mounting, and price, and are 
too well kuown to nerd minute description. Large lenses, 
magnifying two or three times, are mounted singly, and used 
chiefly for the examination of pictures, and as Trading glasses ; 
the smallor sizes of the same style servo for tile examination of 
fine engravings. Very small lenses of considerable power, and 
simply mounted in a frame, are also sold by most opticians. 
T!ioy are known as " watch -charms." and magnify about fifteen 
diameters. We have also soon a very powerful magnifier 
mounted in a little ring attached to a pair of eye-glasses. 

For the purpose of the student anil naturalist, a very ex- 

■ ccllent form is that shown in Fig. 2, It consists of a lens of 

suitable magnifying power set in a frame, which folds into a 

the blade of a pocket knife folds into its handle, 

owing the instrument to be carried in the pocket witli- 

injury. Similar magnifiers are made with two, 

tour separate lenses, as shown m Fig. 3. The 

it different powers- a J inch, 1 inch, and 

ii ' in! combination. Each lens may be 

nay bo used together, or all three 



1>e Tided at once, a considerable range ■ ■! magnify 
being thus secured. 




' 



_' Fig. 2. 

The magnifiers shown in Figures 2 ami 3 are furnished 
with what are culled diaphragms— that is to say, each one has a 
thiu plate of some opaque material, having a hole of suitable size 
through its centre. This plate is placed over the Ions when 




but one lens is used, and between the lenses wben two oi' more 
are employed. It serves to cut off the marginal rays which do 
uot give a clear image, and in this way it greatly improves the 
definition of the object. 

Two or more lenses, properly adapted to each other, and u; 
together, give results givatly superior to anything that < 





oUained from a single lens, al least no far 
mnHf ti definition in concerned. Bnt when Tised as a work- 
ing or dissecting microscope, they are open to tbe objection 
that lb- distance at rnHei 

is very fifnull. anil hence it is frequently inconvetuent to ose 
iking a pon objects. TLils. if we have a plano- 
convex lens .-f :i -pirnier of an iacil bm, and one of three 
I 11 inch focus, and place them at a. distance of a six- 
teen! Ii of an ineh from each other, we will hare a very good 
magnifier which will enlarge objects abgnt fifty times, but wo 
must place it at bnt a very short ilistauct- from the object. If 
We separate tbe lenses a little, the definition will be improved, 
Imt the working distance, as it is called, will be £ 
Those who have studied optics are ipiite familiar with Hiraj 
fMto, '-ill the . .1 li niLLi-y reader does not always think of them, 
; are very important when "e omm to choose a mi- 
caoseope for working or dissecting purposes. 

m i>t infill- simple lenses are used i> -etUier (without 
lieini; combined so as to forma compound microscope) the 
power of the euiiibimitiei i ta always equal to the sum of the 
powers <A the Hpanle lenses. Tims if ..>- lm-.v a lens of half 
nn inch foena ami one of one iuL*h focus, one magnifying ten 
and the other twenty diameters, the iiMilthii; p...wi-r is thirty 
and Dot two handled times. In the compound iniero?eoi>e. nil 
tli,- ui.licr i.iiinl, the combination of an objective magnifying 
tweotj diameteM with an eye-piece magnifying ten diameters, 
gives a magnifying power, of two hundred diameters. 

Watch-Makers' Eye-Glasses. - These are well known, 
i" obtained of almost any power within the useful 

■ ■■:'i' I, ii.-. 'I'li'-v Hi--- .■.iil.il ■ ■■--liisses "' because 
held by the inusr-le* around tiie oifcil oi 

iuhI ootiBeq M; i'-:jiiii-i- no i \t raucous support 

mouthed form of the frame, which enables 

unlmurily u^oil by 
uboiil i it-lit. linn-.-:, but idiis-scs magnify - 

■ mii tnici.il -. llln:- ■ of (he hitter 

. tlu-v consist of two lenses. 
I Inn,' ..i niueh longer foens than the 
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other. IT well made lliey give excellent definition and a Urg^ 
field, and, when mounted on a stand, are very serviceable as 
.; ■/ ■ • i specially in working upon coiu-se objects, 
and picking out Bhells, the larger foraminifcrn, etc. Their 
form enables as to support them by means of a Kinall wire 
ring, arranged as in a retm't stand, ami the large bell-month of 
the frame prevents any light from entering the eye except that 
which has passed through the lens. Tiny my very cheap, and 
BT1V intelligent boy can make a tolerable stand for one. The 
e staud will answer for several glasses of different powers. 




The eye-glass shown in Figure 4 is a doublet, the front lens 
of which is set in a separate piece, shown in Figure 5. When 
the latter is removed, the remaining part form!, a very service- 
able low-power glass ; when both are used together, the com- 
bination forms an excellent high-power magnifier. This form 
is one made by the Banach &- Lomb Optical Co. 

■nigra vers' Classes.— These are mounted in frames, 
similar to that of the watch-makers' eye-glass, but as they are 
larger, ami are therefore not so readily held in the eye, after the 
fashion of the latter, they are always used with a stand of some 
kind. Those of the l"--l ijualily are, in general, doublets, con- 
sisting of two plano-convex lenses, and as they give a large 
with very good definition, they are altogether 




re a large 
gether the I 



beat microscopes for examining bank bills, flnc engravings, nml 
similar objects. The general form is shown in Fig. 6, 




Fig. 6. 

Linen Provens.— These are a very old form of the simple 
microscope, and. being in very general use, they are manufac- 
tured in large quantities, while sis it is necessary that they 
should be of go»d quality Ibvy afford an oppinl unity ot getting 
a good magnilier at a niodorate price. The general form is 
shown in Fig. 7, in which the instru- 
ment appears as in use. The upper 

plat..: fame's the len.-, : : : l . 1 tin': length uf 
the upright is such that when the base 
" ! placed upon any flat surface, tliat 
surface will be in focus. The base is 
pierced with a hole one quarter ot an 
I inch square, and when placed on a 
piece of cloth the lens enables us to 
count the number of threads which oc- 
•■npy thiit. space Tin's indicates the 
imones.s of the fabric. 





Lens consists of a cylinder or rod of 

■b is rounded so as to form a lens, while 

fit or slightly civvud. The distanct 






op thr inrnosoorE. 

licfcween the lens and the fiat surface is exactly oi|iial to the 
focal distance of the lens. Trans parent objects, such as tin: 
scales of JiiWMltn. aiiimalcuhe in water, etc., are simply placed 
on the flat surface of the gloss cylinder, and when looked at 
through it, tSun appear greatly magnified. It is easily used, 
but can nol w.ll be employed as a working microscope. Il is 
this kind of lous that in listed in the construction of Ihose watch 
charms in which a large picture is seen on looking through o 
very smull hole. The picture is a photograph attoclied to the 
flat end of a Email glass rod, the other end of the rod being 
formed into a lens of exactly the right focal length required to 
show the picture clearly and considerably magnified. Lenses 
and photographs of this kind arc usually mounted as miniature 
op era- glasses. 

The Stanhope lens seems to be a favorite in France, whore, il 
is manufactured very extensively, and sold under the name of 
the Skaikotoape. One nil vantage claimed for il is that no adjust- 
ment for focus is required, the flat surface of the lens being 

exactly in the focus of the curved surface. This feature, while 
presenting some slight advantages, lias also the great disad- 
vantage that objects covered with thin glass cannot be ex- 
amined by such lenses, and neither can objects having a 
sensible thickness. The feature which we have just mentioned 
is imitated in some eases by placing a piece of thin glass in 
front of a small lens, and at such a distance that the onter sur- 
face of the thin glass will be exactly in focus, as is hereafter 
described when speaking of the Craig microscope. 

There is one purpose, however, to which this form of lens is 
applied with good effect, and that is to the construction of a 

" collecting lens " as it is called— Unit i>. ;i hus for examining 
drops of water when Henivliitij: for diatom:;. n]^:e. nnimaleiihe, 
etc. Fig. 8 shows a lens of this kind made by , bis, W. Queen 

fc Co- F of Philadelphia. The lens is set in n brass frame, pro- 
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vided with a handle, and aft™ a iltoii of water lias boon placed 
on the flat surface of the lens, the cap, c, is screwed on, and tho 
object examined by simply holding Ike instrument up to the 
light. 

A very excellent collector's microscope will also he found de- 
scribed amongst, l.hn compound instruments. 

Tlie Coddington Lens.— This lens -was devised by Sir 
David Brewster, but having been made by a London optician 
for Mr. Coddington, it was called by his name, which has stuck 
to it ever since. It consists of a cylinder of glass, the two ends 
of which have lieen ground so as to form portions of the surfaco 
of the same sphere. A deep groove is cut around the cylinder, 
midway between the ends, and a diaphragm is thus formed 
between the two lenses. In Figure tt is shown a very neat 
and convenient method of mounting tin 1 Coddington. 

This form of lens gives very sharp definition, so that when- 
ever a power greater than twenty diameters is required for 
examining objects, a Coddington, if well made, will be found to 
be the liest lens in use, always, of 
course, excepting the carefully 
eoroctod doublets and triplets 
hereafter described. The price 
of the latter, however, is ia 
general four to eight timas that 
of a good Coddiugton. But it 
has this defect, that the working 
foeus is very short, and therefore 
for a dissecting microscope a 
In using a Coddiugton lens, great 
i good illumination of the object, 
i!iil tin 1 i-huj/tness of the focus makes Ibis difficult to those who 

desire [o acquaint themselves with the structure 

i of the most important simple microscopes, 

■■iT wry fully and very ili'siily hvah'd in the 

i to the " Penny f'ycloprodia," 

'•■ for the DiHusiou of Useful Knowl- 

l republished iii b,..,|. L form. 
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doublet is to be preferred. 

t he taken to a 
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Achromatic Doublets and Triplets— Magnifiers, 
composed of two or more lenses, arc to l>e had of two very 
distinct kinds. The lenses ma*- either be simply united in one 
frame, without any special adaptation to each other, or the in- 
strument may consist of two or more achromatic lenses com- 
bined together in a fixed and accurately determined relation. 
Examples of the former are found in the ordinary two and three 
lens magnifiers we have just descril>ed ; the latter are not so 
common, since they are somewhat expensive when well made. 
They are known as achromatic doublets and triplets, and one 
maker in this country, Mr. Tolles, of Boston, has long been 
noted for the excellence of the simple achromatic microscopes 
of this class made by him. 

The advantages possessed by lenses of this kind are the larger 
field of view "which they give, thus enabling us to obtain a clear 
view of objects of considerable size ; and the wonderfully in- 
creased sharpness of definition which they afford, owing to their 
wide angular aperture. They are usually mounted in the same 
style as the Coddington (Fig. 9), but are readily distinguished 
from the latter by the absence of any diaphragm. The lenses 
of which these magnifiers are composed arc so constructed and 
combined that the field is perfectly flat and well defined in all 
its parts, so that a diaphragm is not necessary. Mere common 
lenses, put together so as to resemble these achromatic doublets, 
and without a diaphragm, would give such a misty view of ob- 
jects that they would be at once condemned. 

With the exception of the low and medium -power achromatic 
objectives used with the compound microscope, these doublets 
and triplets, when well made, are altogether the most satisfac- 
tory simple microscopes in use, and several firms now make a 
specialty of their manufacture. Amongst others we may name 
the Bausch & Lomb Optical Company, Messrs. R. & J. Beck, 
Browning, whose magnifiers of this kind are known as Platy- 
scopic lenses, and Steinheil, of Munich. 

To some it may appear that we have devoted more space to 
the simple microscope than its importance demands. Our 
excuse is that simple microscopes, of the different kinds Ave 
have just described, are not in such general use as they ought 
to be. This, however, seems to be the case even in France, ♦ 



conntvj o\ Itusoail, who was tlio great advocate of tlie simple 
pii)r|i.,rn|»:, fin I'lii'Viiliir. in his work, says : "It Is a rustier of 
!■■ ■;.■■!■. I. iii, in it scientific point o? view, that the simple micro- 
; i <i|.i i urn uiiiiv ivli'itsivi.l v usoil in Franco than it is, because 
in minute dissections it ia capable of rendering immense 

'I tveulv-flti' i-ent Microscopes.— Before leaving this 
inUsot It BUJ be well to say n few words about those very cheap 
nUVMOopes which, have been so extensively advertised. We 
fi< ijueutly nub in the papers au advertisement ia which some 

|. ill, i.i to send fur twenty-rive eeuts a microscope which 

will show animalcules in water, globules of blood etc., ete., and 
il., -in. iilimi n it In rally arises, Are these microscopes good for 
iviijtliiijg, or is the advertisement a swindle — the advertiser 
taking tiiu money mill sending nothing in return? 

Ka ■ general rule, those who send to such advertisers, receive 
iu n i ii ii. ii |ilulii of brims or lend, with a glass bead fastened 
in , hali in Hteuniitru. The glass beadis formed byfuaionand 
jh frij.(iiiiilly ground flat and polished on the side by which it 
I Ii tlie thread or rod of gloss from which it was 
uiiiiji -, ii'ijiiiitg in such oases a hemispherical lens. Such 
. i y uuelly made by any one. Take u strip of flint 
glass, Hitcli us a piece of flint glass tubing, or a piece of glass 
rod, draw it out to a throod in the flame of a spirit lamp, 
fine Hie end and allow it to gather into a drop. Give plenty of 

liin I ■ good strong heat, so that tho surface of the little 

i'l-l' ■■ become well-fused and truly round. The beat re- 
sults mi) ulwuyti obtained by holding the thread perpendicularly, 
oh when In Iii horizontally the globule is apt to become dis- 
torted, Mrik>i olio or two dozen of these, and iu separating 
thoin from tin) glows rod leave about an eighth of an inch of 
the latter attached to each globule, to serve us a handle, in tho 
mil sIpji hi the pt'iM'i hh, which consints in inserting tuem to 
itliiiiil, Imli llinir depth iu a plate of cement, consisting of 
Ii. 11 ,i „:l.i:iuil with very dry and finely powdered puniiee- 
l i Iniin hueli ii waxplate, melt some shellac iu a hidlo 

■ ii u n, mix it carefully with as much powdered 

illii m> can lie conveniently stirred iu, remove it from 







Ili'-iiiv.sfir well >in! ii it begins to stiffen, uid then pour it out 
™ 11 flat laeta! plate — the surface of u smoothing iron answer 
tug very wclL The plate of cement should b« from oncdiulf to 
Ume-$nttenef mi inch thick, mid the little gtabnlesareeaeily 

fastened into it by seizing them bj the small handles left r 
than, holding them by a pair of forceps in a lamp flume until 
tlej iue hot enough to melt the cement, and then pressing 
than in to about half their depth or alitile more. When qnilc 
ei»!d they will be very securely held. The little handles, or tails, 
ore now nipped off with a pair of cutting pliers, and the glo- 
bules ground nil at once ou a line grin da tone, or still better on 
a metal piute charged with emery. When they have beeu re- 
flwad nearly to the surface of the plate of ecim-nt, they should 
be ground with emery of the finest kind, and an soon as fill 
cowse scratches have been removed they should be polished on 
a buff leather with crocus mart is or putty powder. When finely 
polished they may be removed from the cement by means of a 
email chisel, and any cement thai adheres may be dissolved off 
by means of alcohol. They arc then mounted in thin plates of 
lead, brass, or, what is better still, vulcanite. Out of two dozen 
such globules, carefully made aud well polished, three or four 
may he obtained that will give satisfactory definition, and it 
was with sueh lenses that the early niicroseopists made manyof 
their discoveries. These men, however, took great pains in 
making and polishing them, aud rejected hundreds as unfit for 
use. The objections to the microscopes of this kind, that are 
ordinarily sold, are that they are badly made, and that good 
and bad are sold together \vj| I mi it any selection being exercised. 
But, even if well made, they are very difficult to use, and very 
unsatisfactory iu their results, even in the bauds of persons of 
great skill. The polish of a fused surface never equals that of 
a surface finely cnl mil polished, as every housekeeper that is 
familiar with common, and with cut glass, very well knows. 
The fused surface of these little globes is, therefore, always 
more or less, covered with strhe or very minute ridges which 
interfere with their defining powers, and we have described 
thus minntoly the process of their manufacture, rather for the 
purpose of giving our readers sueh information ns will en 
them to understand how tiny call be sold so cheaply, than in 
the hope that they will endeavor to m&ke> tkenv lot tamsi^ 
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Penny Microscope**.— A few years ago a man in London 

made a living by selling through the streets a microscope which 
would show the eels iu paste ami vinegar, and ol which the 
price was only one penny, (equal to two cents.) These micro- 
scopes were thus made: In the bottom of a pill-bos he punched 
a small hole and then blackened the inside of the box. In thia 
hole was placed a drop of Canada balsam or damar varnish, 
which was allowed to dry. When hard, the balsam formed a 
very tolerable lens. 

A drop of water, balsam, or varnish, laid on the under side 
of a slip of clear glass will often enable us to extemporize a 
microscope capable of doing good service in the hands of a 
skillf id observer. The outline of the drop should be perfectly 
round, and the phosphite should be hold us level as possible. We 
have derived great assistance from such a lens, when better 
could not bo had. 

The Craig Microscope. This microscope at one time 
attained an unprecedented degree of popularity, nut on account 
of its merits, hut because of the extensive puffing and adver- 
tising which it received. It consists of a vertical frame, some- 
what like that of the cheap French microscopes, having a 
mirror, but no sliding tube, as there in no occasion lor any. The 
slide which lWUls the object is slipped through a horizontal slit 
cut in the stand, and the lens with it i frame is laid on it. 

The leas is a fused bead of glass set iu a little frame, to the 
underside of which is attached a thin plate of glass, whose 
lower surface is exactly in the focus of the bead, so that wheli 
a drop of water or vinegar is placed on Hie glass plate, or such 
objects as insects' scales, wings, etc. , are laid on it. they are ex- 
actly in focus. Hence, this microscope is said to require no 
ajiishncnt for focus. This is true when the objects to be ex- 
jfpd are actually in contact with the glass plate, but when 
. mine obji cts that are covered with thin glass (as 

■ pr poratiouasl id be) or objects having a pereep- 

i, it is Unjiossilili: l-o adjust it for focus, and hence 

.bji-ets Ka.llsfu.chn ily, lic-idcs 

>f the min'>-:. ■;!]>.■-. "I I liis |>att< I >i in market, 

: i/iji-els [<j such au extent t 



OF THR MIOIlOHTOl'K. !VJ 

one who has been accustomed to employ a good inieroHcoi>e 
cannot recognize them. It has unquestionably done a gnat 
great deal to impede the progress of microscopy in this country, 
and we have been led to give this extended description of it, 
chiefly because so many editors and clergymen have praised it 
in the highest terms. It has even been patented, although the 
principle upon which it is constructed is very old; but then we 
must remember that under our present administration the 
patent office seems to be conducted rather for the f/iscourage- 
ment than the encouragement of progress and invention. We 
daily see patents issued for old and worthless devices, while it 
is well-known that the author of a really meritorious inven- 
tion will have the hardest work to obtain protection. 

Of the Novelty, Globe, and other similar microscopes, it is 
unnecessary to speak. In all the microscopes of this kind that 
we have seen, the optical part is utterly worthless. The lenses 
are mere fused globules of glass, and they distort beyond recog- 
nition the image of any object. 

Strange to say, however, even this fact has been used as an 
argument to sell them. They have been sold chiefly by news- 
dealers and stationers, and as the purchasers did not know how 
any given object ouyld to appear, the fact that it looked so very 
different from what they expected was considered an evidence 
of the power of the microscope ! ! 

In regard to all microscopes in which fused globules are 
used, it must be remembered that the lower the power of the 
lens the more apt it is to be imperfect. No lens of this kind, 
magnifying from 100 to 150 times, (according to the estimates 
of those who deal in them, which, however, is in fact only from 
ten to twelve times > as measured by proper methods), can be 
good for anything. On the other hand, it must be borne in 
mind that when we attempt to examine objects under high 
powers, obtained by the use of very small single lenses, we 
subject our eyes to an almost destructive strain. 



DISSECTING MICROSCOPES. 

The term Dissecting Microscope is applied to nil microscopes 
used for working upon objects under moderate magnifying 
powers. They are need not only for dissecting, properly ho 

called, but for the study of botany, mineralogy, etc.. as well as 
for numerous investigations in the arts. A good microscope of 
tbi* kind v> al>solately indispensable to those who hope to do 
more than merely look at object" prepared hj others. 

For ordinary purposes of examination, the different magni- 
fiers previously descril>ed serve very well when merely held in 
the hand, but their performance is greatly improved when they 
are monuted on appropriate stands, which not only enable ns 
to adjust the focus with great accuracy, but which hold the 
lens steadily in relation to the object, and thus prevent any 
necessity for that constant adjustment of the eye itself, which 
always occurs when a lens trembles, and which is so faliguing 
and injurious to the sight. A complete dissecting micro- 
scope should, therefore, be furnished with stand, mirror, 
etc., and if the student cau afford it, there should l>e some good 
mechanical means of adjusting the focus. The importance of 
adorOBOOpea being generally recognized, even if the 

iiii-ir >uta themselves have not come into general use, nearly 

i w iv manufacturer <>f microscopes lias devised a stand of his 
iii.n . uneol which are very complete, and as a consequence 
ivo. We shall, therefore, rest content with de- 
■ I' j- forms. 
con easily construct a dissecting microscope 
fa at a cork and some wire, for whenever a 
i is!" l>o siiji|"'i't''il steadily, while at the 
y that it shonld be easily moved and 
a well for a temporary t^jieilient as a 
wire. ('■»iisoijiient.ly. a very 
■ ■ .'«*u\ie \s. tawlv i vteiiiiiorii 
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or the uxwoaoam. 

m b)kf*B: Procure a good Hound wino cork, and liore two 
boles through it, the holes being at right angles to each other, 
anil to the axis of the oak. The holes should bi 

size to slide easily, but firmly, on a wire rather more than the 
sixteenth of an inch in diameter. One piece of such wire is 
stack perpendicularly in ft wooden foot, and serves as a stand 
upon which the cork slides up and down; another piece ol winr, 
la ting a ring at one end for holdii iflcr. is thrnst 

through the second hole in the cork, and is supported by it in 
ahorizoutal poaition. The horizontal wire should l>e so long 
that there will be no danger of injury In the eye or face from 
the upright -wire. A [ ■ i ■ ■■■ ■' ■ '»f white paper makes the beat 
mirror, as it gives sufficient illumination with low powers, ami 
besides this, it diffuses the light very equally over the object. 
This, of course, is for use with transparent objects ; when 
opaque objects aro trade? examination a condensing lens m net 
be employed. 

The Kxcelsior Microscope.— The accompanying en- 
graving gives a very clear view of this microscope, which is 
constructed as follows: 

To one end of the lid of a small wooden case or box, ia ofc- 
taelied one of the en da of the box; and when the lid is reversed 
and tamed upside down, it may be slid into the groove which 
usually receives it, and then forms a stand for the leases and 
glass stage, as is shown ia engraving. Tlie lenses and stageare 
supported by a steel rod, D, the lower end of which is hinged 
to the lid, so that it may be turned down and he in n groove 
prodded for it. When raised into the position shown in the 
figure, it is held very securely in place by means of the button, 
E; and this button also serves to retain it in the groove when 
■ it is tamed down. The gloss stage, Or, which iff iitted into a 
frame of bard rubber, slides easily on the stem, D, so as to be 
readily mljustable for focus, while at the same time it may be 
firmly fixed, by means of a set-screw, at any desired height, 
Muwill then serve as a stage for dissecting purr, 
fame which holds the lenses fits on to the top of the I 
mirror, H, is fitted into the case, and is readily sirjuT 
■Bsanaof the button shown on the outside, so that t 




be reflected up through the stage when the objects to be « 
atmned are transparent; arid when they lire to lie viewed by n 
fleeted light there is a dark ground of hard rubber (not shoi 
in the engraving) which is also carried by the stein, D, i 
may be turned iindin* the sbige, so as to cut off nil t 
light. Dissecting needles (K nod L), with neat handles, : 
into appropriate grooves. When the lensefl and stage a 
moved from the stem they iire readily packed in the case; t 
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of frame are sold, one containing two, and the other three 
lenses, the latter being altogether the cheapest, in proportion 
to the power furnished. The magnifying powers an* about as 
follows: With the lens of longest focus, live diameters; with 
the lens of medinm focus, eight diameters; with the lens of 
shortest focus, ten diameters. When the lenses of shortest and 
medium foci are combined the magnifying power is about 
eighteen diameters; all three lenses together give a power of 
twenty-five to thirty diameters. 

In using a combination of two or more lenses, the lens of 
shortest focus should always be placed nearest to the object. 

As a dissecting microscope for botanical, entomological, and 
physiological work, this instrument is very etUeii-nt and con- 
venient. The glass plate is fitted into the stairc so as to form 
a cell capable of holding water, so that discretions may be 
carried on under that liquid, or aquatic animals mn v be kept 
alive and examined at leisure. The stage may also be turned, 
so that the flat side will bo up when so desired, in which posi- 
tion it is most convenient for some purposes, such as dissec- 
tions and the teasing out of tissues by means of needles. The 
only serious defect in the Excelsior microscope is that it is not 
sufficiently steady for ordinary work, tin* cast* which forms the 
baseorfoot being, for portability's sake, made quite small. 
This difficulty is, however, easily remedied by screwing the 
case to a piece of- pine board six inches long, four inches wide, 
and three-quarters of an iuch thick. A single small screw, 
which does not deface the instrument, is sufficient; and when 
the microscope is to be carried in the pocket it is easily de- 
tached from its temporary stand. Its low price, $± 75, is a 
strong recommendation. 

RaspaiPs Microscope.— This was the instrument so 
largely used by Raspail in his investigations into the structure 
of plants, and having been fnlly described by him, it has been 
called by his name, though Chevalier tells us that it was really 
invented by Cuff, of London, r.ud ought to bo called the Cuff 
microscope. It consists of a pillar which screws into the top 
of the box in which the whole instrument packs when the micro- 
scope is not in use. This pillar carries the mirror, and also a 



ll i* hollow, and iu it »lid<a a rod vbkk m; be 
:: of a rack aoJ j" 
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Tilt* rod cornea* horizontal 1 



lull tho Itiimcw lit, and the arm itself mar btmani 
1 pal the vertical rod. wis tolcnj 
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Mounting Microscope," from the fact that it may lie folded 
together so as to occupy very little space, and niny then Ik; 
packed in the cose which contains the compound microscope, 
or carried in its own little box. It is capable of receiving 
lenses of long focus, as the rod which carries the horizontal 
arm slides up and down in a tube- upon which a rack is cut. 
This sliding movement serves for a coarse adjustment, the rack 
and pinion just mentioned serving for the line adjustment. 
The mirror is hung with all necessary movements, and the arm 
which carries the lenses is provided with the Society screw, .so 
that ordinary achromatic objectives maybe used — thns saving 
the expense of extra lenses. 

The engraving fails to show an important feature which is 
provided by the makers. This is a joint in the arm, which, in 
connection with the rotation that may be given to the rod to 
which the arm is attached, enables the operator to place the 
lens over any part of the preparation. Wo call this an im- 
portant feature, for wo hold it to be essential to the convenient 
use of the dissecting microscope that the preparation should 
remain stationary and firm during the processes and operations 
to which it is subjected. This is just the reverse of what is 
found to be most convenient and cflicient in the compound 
microscope. ' There tho objective should be immoveable (hori- 
zontally), and the object should be adjusted to a ]>roper posi- 
tion in relation to it. 

Rests for the arms, when using the dissecting microscope, are 
easily improvised out of books or blocks of wood. We prefer, 
to anything else, good-sized blocks of wood, having the form of 
a wedge with the point cut off. They are clumsy, it is true, 
but very comfortable. Small rests may be fitted like wings to 
each side of the stage, and these are furnished at a slight extra 
cost by the makers of the microscope just described. 

Cheaper forms of this microscope are also made. In these 
the instrument is not made to fold up, and there are a few 
other points (not essential to the efficiency of the microscope) 
in which expense is avoided. But as improvements are being 
constantly introduced, those who require a good dissecting 
microscope should procure the catalogues of all the 
deabrs before they decide. 
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One of the most common models is that shown in Fig. 
12. This form, although modern when compared «i!h tin.' micro- 
scopes of Adams, Baker, cte., is one iif tin- oliluet in nw. It 
was, we believe, devised by Wolloston, as .1 stand fn! Ills 
doublet, ami was afterwards modified by Pnunhofer, whose 
on this model wore almost identical with that 
shown in the engraving. It is no* t ■ m > well known to need 
elaliorate description, and the smaller sizes ntt' nlill Bold ex- 
tensively fur the use of young people, lining manufactured in 
Buoje ipnuiiities, they arc soli) \-, : ry cheaply, when the quality 
of the lenses is taken into consideration. Therefore, until 
some manufacturer concentrates his efforts upon the produc- 
tion of the more convenient forms, and 
turns them out in very largo numllcrs, 
the viitii'al microscope will probably 
Wllufcliii ii ?- place in the market, and 
many beginners will lie led into buying 
an instrument which, even in its most 
•Dmplete and perfect form, will almost 
certainly lie a source of dissatisfaction. 

Aside from any deficiencies which niay 
exist in tbo optical parts of the instru- 
ment, the olijoctions to this model are tho 
small si/,e anil inconvenient form of the 
stage ; tho fact that, the mieroseope can he 
Used only in the vertical position, which, 
although occasionally very useful, is the 
worst position in which the instrument 
can bo placed for protracted observations, 
and the arrangement of the mirror, which 
renders the proper management of the illu- 
mination impossible. Therefore, when- 
ever there is a possibility of choice, some 
form other than the vertical should bo 




Occasionally microscopes of 
are furnished with achromatic 
pretty fair quality. In such < 
jeetives r.nd eye-pieces, if they 






applied to a better stand, would lie worth more than tlio 
microscope in its original form. 

There is, however, one very useful purpose to which 
microscopes of this kind limy lie applied. They make a very- 
convenient and efficient pocket microscope for collecting. The 
stand should be cut off afore the mirror, the flat stage being 
left with enough of the tube adhering to it to give it stiffness. 
A drop of water being placed in a cell, and covered with thin 
glass, is laid on the stage and held there with the fingers. To 
illuminate the object the microscope is simply held up to the 
sky. Those who object to holding the slide with the fingers, 
can hare a round plate of metal soldered to the under side of 
the stage, so as to make it even. Movable clips, made by 
landing n narrow strip of hard sheet brass, so that both legs are 
even, can then Ijo slipped on so as press on the slide, and on 
the under side of the stage. Such a microscope is very light, 
and may be readily carried in a tubular pasteboard case, which 
any one can make. 

Setting aside these obsolete forms, as well as those models 
which have been devised for special purposes, wo find that of 
the stands which are best suited to the purposes of the phy- 
sician, the naturalist. (he*tndeiit. and the family, there are four 
distinct styles, which may be distinguished as follows : The 
Boss, the Jackson, the Continental, and the New America!! 
models. In order to give the reader an idea of these different 
model*, anil to explain the advantages and disadvantages of 
each, we give engravings and such descriptions as will enablu 
BQOiBideaof the stand best suited to his special 
sil.-i'iin;.' illustrations of I lie dillcrent types, we have 
ii the cheaper forms in preference to the more perfect, hut 
; and ;is our object is to describe tUn 
s themselves, and not to detail the 
h of those parts which may he 
e have omitted all description of 



.■ distinguishing characteristic of 
liirl, t.ln' Imily is supported. By re- 
I been thfci tVio \xyJey is, attached at 
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its lower end to a transverse arm, which in tnro is supi* »rt«-i I 
by a stout bar, which is moved up and down by nutans of a 
rack and pinion. This movement constitutes tin* coarse ad 
justment, the fine movement being effected by moans of a h-vi-r 
which is concealed in the transverse bar, and acts upon tint 
nose-piece. 

So far as mere questions of convenience and adaptability in 
different kinds of work is concerned, this model h all that can 
be desired, and as made by Ross it Co., the workmanship is mi 
perfect, and the finish so exquisite, that it has h»ng maintain, d 
a high position in public favor. It has, therefore, had numerous 
imitators, and has probably l>een cojued more extensively than 
any other model in existence. At the recent Centennial Kxhibi- 
tion there were microscopes on this model from the most widely 
scattered localities. Canada was represented by two micro- 
scopes made after this design. Unfortunately, however, this 
model is one of the very worst that a poor workman can 
attempt to imitate, for unless the workmanship is far above the 
average, the results are execrable. The reason for* this is very 
obvious. The body, l>eing supported only at the lower end, 
every vibration causes the upper end to swing through a com- 
paratively largo arc, and hence any motion arising from loose- 
ness in the joints is multiplied a hundred fold. And even when 
the joints are firm and without shake, any vibration communi- 
cated to the table on which the instrument stands, is greatly 
increased in its effects when it reaches the upj>er end of 
the body. In addition to this, the unsupported part of the 
body acquires, by each movement, a momentum which reacts 
powerfully on the lower part, and consequently on the ob- 
jective. 

These defects have induced Messrs. Ross «fc Co. to bring out 
a new pattern designed after the Jackson model. This design 
has been carefully worked out by Mr. Wen ham, and is certainly 
v 6ry beautiful in appearance, and very efficient and convenie 1 ** 
ui use. Our readers will therefore bear in mind, that all mio 
8C( >pes made by Koss & Co., are not made on the "Bi 
model. " 



The Jackson Model.— The special characteristic o( tl 
model lies in the fact tbnt the " ways " of both the ei 
Ads movements are brought- as dose us possible lo I ho optic a 
of the instrument. In the Ross model tlic coarse movement u 
ft con will era hie distance from this iixis, and any lateral n 
which may take place on tbe sliding part is greatly ma{ 
at the axis of the body — the transverse bar, which supports 
hitter, acting like the long arm of a lever to greatly tnulti; 
that which at first was very insignificant. Hence the e ' 
lages which this model presents arc great steadiness nut 
fact that, in common with the Boss model, it affords a 
room underneath the stago for those acessory method 
illumination which are in dispell sable in tlic highest ulas 
work. It is almost impossibly to attach tn (he smaller 
of the Continental model a convenient sub-stage, 
polarizer, achromatic condenser, paraboloid, etc., while t 
model under consideration is specially designed to i 
these important accessories. 

This model is a very general favorite both with En( 
and American makers. Amongst, (lie hitler if has Leon ado] 
as the best for all first-class stands. The engraving, Tlat 
shows a very excellent form of this model by the Bauf 
Luiub Optical Company, and known as their Large Stilt 
Stand. It will be observed that the body of the mieroscc 
supported along its "hole length by means of a tube allacl 
the arm, which is hung between (wo pillars, so as 
steadiness. To add to this steadiness, all sharp angles a 
avoided, and the arm is gracefully curved instead of joining 
body at a right angle, as in the Eoss model, and all of t 
mods slnelk after the so-called Continental pattern 
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simply sliding the body through a tulw or collar. In the higher- 
priced stands the coarse movement is effected by means of ;« 
rack and pinion, arranged as in the "Jackson " model, lmt in 
both styles the fine movement is generally arranged in tin* 
place where the coarse movement is located in the *• lln*.*, " 
stand. These features will be found to characterize the micro- 
ropes of Chevalier, Hartnack, Xachet, Zeiss, and others. 

The term "Continental" model lias 1n*cii applied by our- 
selves and others to any low, compact form of microscope, lmt 
a careful study of the subject has satisfied us that this is not 
correct. The characters above given are peculiar to what 
ought to be known as microscopes of the Continental model. 

The Continental model has some advantages on the score of 
convenience, and as large numbers of our medical students 
have been educated to its use, it has l>een such a favorite that 
many of our prominent makers have imitated it to a certain 
degree. For the ordinary work of the physician and the his- 
tologist, a low microscope, which may be easily arranged for 
work, and which may be used conveniently in a vertical posi- 
tion, is certainly desirable*, but other forms, possessing the 
same advantages and without the objectionable features of the 
Continental model, are now in market, and have taken their 
place. 

The objections to the Continental model as a microscope for 
the higher classes of work, are the want of space below the 
stage for illuminating accessories, and the liability of the fine 
movement to get out of order. For it is obvious that a very 
little wear on the " ways " or "slides " will allow the body to 
have considerable lateral motion, the distance of the "wavs" 
from the optic axis of the instrument being very great. Some 
of our American makers, who have adopted this tine motion, 
have gone so far as to use hard steel pins sliding on hardened 
ways as guides, but with all their care lateral motion ensues 
after a time. 

The New American Model.— The more general em- 
ployment of objectives of wide angles of aperture, and of " 
proved methods of using them, have led American mWtt 
turerg to introduce certain improvements in stands of modeo 



price, and the stands which embody these improvements and 
modifications are so distinct that they form a class by them- 
selves, which may ho designated the " New American Model.'' 
None of the individual features found in this model are new, 
the most important of thein haying been embodied many years 
ago in the English patent of Grubb, while others were used long 
ago by Spencer in this country. But Grubb 's invention, so far 
as wo know, never came into use, and it was not until the year 
1875, that the importance of the improvements in question be- 
cnjne generally recognized. Towards tin' close of that year, and 
the beginning of 1870, four of the prominent microscope makers 
of this country, viz., Bulloch, Gundlach, Tolles, and Zentruayer 
seem to have turned their attention to the subject, and shortly 
after brought out models on the new plan, the distinctive fea- 
tures of which are the swinging of the mirror around a centre 
which lies in the plane of the object ; the combination of a 
swinging with a longitudinal movement in the sub-stage, and 
the use of a very thin stage. Trior lo this time, in all the best 
microscopes of English and American make (at least as de- 
scribed in the catalogues of the dealers), the sub-stage was made 
to move only in the lino of the optic asis of the instrument ; 
the American makers took b new departure, and the new model 
is tbe result. In its popular forms this model is characterized 
by great simplicity in its working parts, while at the same time, 
being provided with the very best means for adjusting and 
registering the illumination, it is a stand which is sufficient for 
the highest class of work, except, of couise, io a few special 
departments. 

So far as our knowledge goes there are at present before the 
publie four stands of comparatively luw juice, which maybe 
relegated to this class They are : The "Acme " of J. W. Siillo 
'■Biological ' of Bulloch; the " Histological " of 

mtmayer, and the "Investigator" of the Bausch & Lomb 
I'uny. The large stands of the Haunch A Loinb 
M o., of Beck, Bulloch, Boss. Tolles, Zentmayer, and 
>f course quite as efficient as the small stands wo 
■ot the price in greater, and the convenience of 
hen used as working microscopes, is in their 
of this volume the reader will find \ ' 
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of tlie "Acme," the "Biological," the " Histological" and tlie 
"Investigator" stands, and we would recommend the reader 
to study carefully their several special features. 

The "Acme " will be described in its binocular form, and wc 
therefore pass, in alphabetical order, to the "Biological" stand 
of Mr. Bulloch, which is shown in Plate III. 

It will be seen at once that this stand is substantial and firm 
in all its parts. The coarse movement is by rack and pinion, 
and the body is supported, as in the Jackson model, along 
nearly its entire length. The fine movement acts upon the 
entire body, the coarse movement included, so that the distance 
between the eye-piece and the objective is not affected by it. 
Tlie stage is thin, but substantial, and is so cut away at the 
well-hole that light of great obliquity can be used. The stage- 
plate rotates in a ring, and may be claniped when necessary by 
means of the small screw seen in front. By loosening this 
screw the plate may be entirely removed, and then, when the 
body stands upright, a simple plate of glass may be used for a 
stage, and thus all danger of injury from acids is avoided. The 
ring in which the stage-plate rotates is held in place by two 
capstan-headed screws, and when these are slacked it is easy 
to adjust the stage so that it shall be concentric with the optic 
axis. The sub-stage is arranged for adjustment in the same 
way. It is adapted to carry the standard size accessories, and 
is furnished with an adapter which has the Society screw, so 
that ordinary objectives may be used as condensers. Mr. 
Bulloch also furnishes a diaphragm of peculiar form (shown in 
the engraving), which we have found very efficient, both with 
direct and oblique light. The special feature of models of this 
class is, however, shown in the method of hanging the mirror 
and sub-stage. These are attached to separate bars, which 
rotate on an axis, the plane of which is a little above the level 
of the stage. A stop is also provided, whereby they may both 
be placed precisely in the line of the optic axis. Both mirror 
and sub-stage may be moved towards the stage and from it, and 
the movements of both are entirely independent. The conse- 
quence is that the various forms of illuminating apparatus have 
a range of adjustment that cannot be obtained with the older 
models. 



The instrument, as shown in the cut, is about two-fifths of 
the real size. When the draw-tube is out, the hotly has the 
standard length of ten inches, and it is famished with the 
" broad-gauge" screw, to which is fitted an adapter carrying 
the standard Society screw. 

The first stand placed in market at a moderate price, and em- 
bodying the special features of the uoiv American model, was 
the Histological stand of Mr. Zeutruayer, which is shown in 
Plate IV. The base and uprights of this stand are one piece, 
of a peculiar shape, of great rigidity, to which tho bell-metal 
bar is attached by a joint, allowing the use of the instrument at 
any angle of inclination ; the perpendicular and horizontal po- 
sitions are indicated by stops. The coarse adjustment is by a, 
rack and pinion, or in cheaper hums by a sliding tube. 

The fine adjustment is by a concealed lever, acted upon by a 
delicate screw, and moving tho entire body, which is fitted 
to the grooved bar, giving a steady and delicate movement. 
The arrangement of the swinging siib-slage and mirrors is 
easily understood from the engraving. 

The removable sub-stage carries tho diaphragms, which can 
be shifted up close t« the object. 

The stage is a modification of the glass stage, and consists of 
a glass bar kept down by two spring clips, against which the 
object rests. By this method the object may be moved in the 
latitude, the longitudinal movement being accomplished by 
hand. The spring clips may be used independently for hold- 
ing anything in a fixed position, by simply placing thorn, in the 
extra holes provided for that purpose. 

The "Investigator" stand is shown in Plate V, and also 
presents the special features which we have mentioned. The 
mirror-bar is swung bo that its axis of motion lies in t he plane 
of the object, ;ind it carries the sub-stage, which may thus bo 
inclined to any angle with tho plane of the stage, or it may be 
brought entirely above the latter. The mirror is attached to 
■ mi by means of a secondary bar, which thus permits 
■ independently of (lie sub-sUge, and both 
d)-stuge may be moved to and from the object, 
uay lie removed entirely when desirable. 

■iv (In' convenience of I he 1"" Ouilincntttl 
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model, this microscope is provided with two draw-tubes, sliding 
one within the other, so that the body may be shortened as 
much as possible when desired. The first draw-tube has the 
Society screw at the lower end, so that low-power objectives of 
very great working distance may be used ; and as, by means of 
the second draw, the draw-tube may be made of the usual 
standard length (ten inches), it may be used as the body for 
any objective, and quickly focussed by sliding it in the outer 
tube, the same as in instruments without rack and pinion ad- 
justment. The " broad-gauge " screw has been added, so that 
low-power objectives of wide angle may be used to the greatest 
advantage. 

Cheaper Stands*— The stands which we have just de- 
scribed, are, of necessity, somewhat expensive, because, unless 
the workmanship is of the very best, the performance is quite 
Unsatisfactory ; and as a stand alone is of no use, an outfit 
Which includes such a stand is frequently beyond the means of 
students and others. To meet -the wants of such persons, the 
Various manufacturers we have named, together with Klein, 
I*ike, Schrauer, and others, have brought out stands, which, 
when complete, with case and objectives, are sold for about 
the price of the stands we have described. For the study of 
elementary botany, histology, etc., many of these cheap micro- 
scopes answer a very good purpose. They enable us to follow 
the descriptions given in the books, and the view of any object 
which we obtain from even the poorest of them, is infinitely 
better than any representation which can be given by an en- 
graving. The better class of these microscopes answer well for 
the ordinary purposes of the physician, and, as they are simple 
and easily used, they are frequently preferred to more expensive 
and more complicated instruments. 

The Binocular Microscope.— More than two hundred 
years ago, attempts were made to construct binocular micro- 
scopes, and yet a good and efficient binocular is a thing of 
yesterday. The first really efficient binocular microscope was 
constructed by Prof. Biddell, of New Orleans, about the year 
1853, and to this fact Mr. Wenham has borne free and gen*» 




testimony in a letter addressed to the English MetHianic. To 
Mr. Wcnham, himself, however, is due the honor of having 
devised a form of the binocular which is at once efficient 
and of moderate price. Mr. Wenham's form has been adopted 
by all the American anil English makers that manufacture bi- 
noculars, and lie has. therefore, laid nil micros copists under 
deep obligations, not only by devising such simple and efficient 
means of accomplishing a most desirable result, but by giving 
the use of his invention freely to the world. 

Of the value of the binocular, there is a wide difference of 
opinion, some regarding it as a mere toy, altogether beneath 
notice as au instrument of scientific research, while others con- 
sider it a most important addition to our means of investiga- 
tion. Since, however, it will almost always lie found that those 
who place a high value on the binocular are those who have 
used it most, while those who dewy it know absolutely nothing 
of its merits, and in some cases are even ignorant of the man- 
ner of using it, the reader will have but liltle difficulty in de- 
ciding on which side the truth lius. In England, where cheap 
nad good binoculars are common, this form of instrument has 
become a great favorite with all the noted niieros copists, and 
wo refer not merely to men who own microscopes as a means of 
amusement, but to those, who, like Carpenter and others, have 
enlarged the boundaries of knowledge by their researches. At 
present the binocular in training rapidly in favor in this country, 
and very excellent instruments are now turned out by several 
of our American microscope makers. 

There are, of course, certain limits to the range of usefulness 
of the binocular microscope As at present constructed, it is 
most efficient in the use of the low powers, and hence, there 
are certain classes of work to which it is peculiarly applicable, 
while hi other branches, particularly certain departments of 
histology, it is of comparatively slight advantage. And it will 
n general bo found Ihnt the principal opposition to the binoc- 
ular has come from continental histologics, who, because liny 

In Ihrnif.L'lvcS, ri.llli'll.lilvil lllilt it COllld lint 




■ulcd by binocular instruments are twn- 
iscrver arising from the ability to use 
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both eyes is very great, and the view which is obtained of any ob- 
ject is so much clearer and more realistic, that we at once per- 
ceive, by our mere sense of vision, those features which we would 
otherwise have to work out by tedious mental processes. It has 
been said by some that the binocular is apt to exaggerate the 
stereoscopic effects, and give false views. This is certainly not 
the case under ordinary circumstances, and we doubt much if 
it ever occurs. 

We have selected as an illustration of the binocular micro- 
scope, one of moderate cost, which combines the binocular 
feature with those peculiar to the new American model — the 
"Acme," made by J. W. Sidle & Co., of Lancaster, Pa. This 
instrument, in its monocular form, was, we believe, arranged by 
Prof. J. Edwards Smith, and the details of its construction were 
Worked out with special reference to the use of objectives of 
■high angles. So far as this purpose is concerned, the "Acme" 
lias many points in common with the "Biological" stand of 
3Vfr. Bulloch, the "Histological" of Zentmayer, and the "In- 
vestigator" of the Bausch & Lomb Optical Co., the differences 
"being chiefly in details of construction, which leave room for 
choice on the part of intending purchasers. We therefore turn 
to the binocular feature as being that with which we are now 
more immediately concerned. 

The binocular in general use, being that in which the Wen- 
ham prism is used, consists of a main body through which the 
half of the rays transmitted by the objective pass directly to the 
eye-piece. In the figure (Plate VI) this body is the one nearest 
to the reader, and connected with it is another body, through 
which the other half of the rays pass — they being diverted in 
this direction by the prism, which, when in place, cuts the cone 
of rays from the objective in two. The frame which carries 
this prism is seen just above the point at which the objective is 
attached, and it is so arranged, that when desirable it may be 
drawn out, and thus the prism becomes inoperative, and the in- 
strument is practically converted into a monocular one. This 
is one of the important advantages which are peculiar to the 
Wenham prism. In some forms of the Acme binocular the 
entire fittings of the prism may be removed, so as not to inter- 
fere with wide-angle lenses of low power. 



Aa eyes differ greatly in their disbuwe apart, the eye-pieces 
in tlie binocular uiv nisidc variable in this respect by being 
pnsbed out or in, eitber by a lever or a rack and pinion. As 
tbe bodies are not parallel, but form an angle with each other, 
it is evident that tbo further tbe eye-pieces are drawn out the 
wider apart do they become. 

Binocular Eye-Piece.— A very valuable and efficient 
means of converting an ordinary monocular microscope into a 
binocular, has been devised by Mr. Tolles. Tbe one which we 
possess gives excellent results with objectives of higher power 
than those available with the Weuhnm prism as ordinarily con- 
structed, and it is greatly to lie regretted that its high price 
{880) places it beyond the reach of those for whom this work 
is chiefly intended. It has been copied extensively in Europe, 
but we believe that it is now definitely settled that the honor of 
tbe invention belongs to Mr. Tolles. 

The Inverted Microscope.— Some years ago, Professor 
J. Lawrence Smith devised a microscope specially adapted to 
chemical investigations. In this nisi rumen t tlie stage is placed 
(ibw the objective, which is inverted, and the rays from the 
object, after being reflected ilawu through the objective, enter 
a prism, which so changes their direction that they pass up the 
Wly to the eye-piece, and thence to tbo eye of the observer. 
For very many investigations the inverted microscope is a very 
useful instrument. 

Litho logical Microscopes.— Tho application of the 
microscope to petrology, or the study ol rocks, has now become 
Mich an important department of scientific research that micro- 
scopes specially adapted to this purpose are manufactured by 

several makers. These microscopes possess several very im- 
portant conveniences, which are almost indispensable for such 
■work, but which the limits of tbe present volume forbid us to 
describe at length. 

ta rin in Microscope.— The importance of the 

'"scope in the examination of small portions (in 

ts, without any preparation whatever, has led 
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to the construction of microscopes consisting simply of a body 
with its adjustments for focussing arranged on the simplest 
kind of a support — usually a rod and foot somewhat like a re- 
tort stand. Such microscopes have been used largely for exam- 
ining objects in aquaria, and hence the name. They are also 
applicable to the examination of writing, the sheet of paper 
being simply spread out on a table and the microscope placed 
on it ; to the examination of portions of the surface of the 
human body in various cases of skin disease, and, in short, to 
the examination of any object which cannot l>e conveniently 
placed on the stage of an ordinary microscope. 

Microscopes for Special Purposes.— In addition to 
the microscopes which we have described, some of which have 
been devised with a special view to certain particular lines of 
research, it often happens that a microscope is needed for a 
single purpose, and for no other. Thus, for example, in Ger- 
many, a few years ago, microscopes were made and sold for the 
sole purpose of examining flesh for trichinae. These micro- 
scopes were very simple, and when their quality was considered, 
they were very cheap — the cheapness being due, in a great 
degree, to the fact that no provision had been made for a 
multiplicity of conveniences, which, in the case of these special 
instruments, would never be of any use. As* the microscope 
becomes more generally used, and the people at large become 
more thoroughly acquainted with the extraordinary aid which 
it is capable of rendering to those who are engaged in the arts, 
it is probable that the numbers of these cheap microscopes will 
increase, in which case we may expect to see the price greatly 
reduced in proportion to the quality. 

"Class" Microscopes.— When a number of objects are 
to be shown to a class or to a scientific meeting, it is desirable 
to avoid the inconvenience arising from each individual having 
to go to the instrument, and this is unavoidable where ordinary 
microscopes are used on fixed tables. Prof. Quekett got over 
this difficulty by having his class-room or theatre fitted up with 
rails upon which the microscopes with their lamps were passed 
from one to another, and where the company is small, the com- 
mon revolving table meets every requirement. But where the 



class or meeting is large, the Lest device is that of Prof. O. W. 
Holmes, whose elasa microscope, as made by Messrs. J. W. 
Queen, it Co., is shown in Figure 13. This instrument is of the 
simplest construction, so as to reduce the cost as much aa 
possible, and it ia made largely of wood, so as to lie light and 
easily held in the Land. The objects an 1 viewed by direct light, 
without the intervention of a mirror. The lamp used is a flat- 
wicked one, the edge of the wick being turned towards the 




Fig. 13.- 



wlicti high power* are used, and the fiat side of the wick 
u the powers are low. 

"bj'M-ts, the lamp k raiwd to the top of ita stand, 
"b rays allowed to fall upon a nmiill eoTie.'.ve mirror at- 
1 to the iiun fi'SLiue hv il universal joint, whence they nre 

■ I hi the ol.juct. The coarse adjustment is effected by 

Ik.' ln'il.i t hii ■u^li a short split tube, mid the fine niovo- 
iinis nf j ihjliriili' arrow, \iliicli in't - en 1 ] j i ■ staj'e. 
■■ij-'ht of I ho instrument is about twelve inches, size 
" y four inches. 
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OBJECTIVES. 

The modern compound microscope owes almost all its value 
to the high degree of perfection which has l>cen attained in the 
construction of the objectives used with it. Some of the old 
microscope stands were quite as elaborate, and quite as costly, 
as anything that can bo found in the workshops of our modern 
opticians, but from the fact tliat the objectives were defective, 
their value as instruments of research was of a very low degree. 
In these old microscopes even the highest power objectives were 
simply bits of ground glass, such as with our modern appliances 
might easily be produced for ten cents apiece, while a modern 
objective of the same power, by any of our first-class makers, 
would cost at least one hundred dollars. In mechanical exe- 
cution the modern objective approaches more nearly to theo- 
retical perfection than any other instrument made by man, but 
the reader must not infer from this, as some have done, that 
it has reached the limit of perfection, and that nothing more 
is to be expected. This was said ten, twenty, and thirty years 
ago, and in each case the words had hardly been committed 
to paper before some optician proved their falsity by accom- 
plishing that which had just been declared to be impossible ! 
"Within the past few years the most wonderful improvements 
have been effected, and from present indications it would seem 
that we are on the eve of still more startling developments. 

Since, then, the objective is really the most important part of 
every microscope, seeing that the quality and trustworthiness 
of the work done must depend to a very great extent upon its 
efficiency, it is of some importance to the microscopist that he 
should have at least a fair understanding of the causes to which 
the superiority of modern objectives is due. 

"When we use a simple glass lens as an objective for a com- 
pound microscope, we find, on attempting to examine objects 
under powers of more than one hundred diameters, the following 
defects and difficulties : The field of view is so dimly illuminated 
that objects are seen with difficulty ; the outlines of the different 
parts, instead of being sharp and clear, are thick and b* 
several of the lines are fringed with brilliant colors, but 



which do not belong to the objects, and finally, if the outlines 
of the object should happen to bo straight lines, and be known 
to be such, it will be found Hint they will appear to be curved 
and distorted. It is evident, therefore, thtit a simple lens can- 
not be used as an objective in any important work; its indica- 
tions are unreliable, and the imagination is allowed full scope, 
bo that the eye is enabled to see whatever the mind desires 
to eee. 

The defects which we have just detailed, and which are found 
in every simple glass lens, whose" surfaces are bounded with 
corves that are parts of oirclea, are largely due to what is called 
sjifiwi&tl ami <:/m>iii-tln: ../«r,' ilimi. As these terms are probably 
not familiar to many of our readers, we will give as full and 
simple an explanation of the subject as can be done without 
the formal aid of mathematics. 

Spherical Aberration.— The enlarged image formed at 
the focus of any lens, and rendered visible on a screen or sheet, 
is produced in this way: The rays proceeding from the object, 
and passing through the lens, are, by the action of the glass, 
bent from the path they would otherwise pursue. The object 
may of course be supposed to consist of an infinite number of 
points, and from these points rays proceed in every direc- 
tion, and consequently through every part of the lens. If the 
lens were perfeet, all the rays from any one point would be 
brought together at a second point corresponding with the 
first. Unfortunately, however, the ordinary lens does not do 
this; the central portions of the lens and the outer por- 
tions act differently; the one brings the rays to a focua at 
a point a little nearer to the lens than the other, and, con- 
sequently, although we move the screen to a slightly greater 

r less distance, we still get an image of about the same 

F distinctness. It is obvious, therefore, that when 

. ■■..- within cfrtnin limits, the screen will 

■mage, but a series of litt/rrs of images as it 

[uently gives an in distinctness to the 




no difficulty in thinking out this 
•d when they have arrived at clear 
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ideas upon the subject, they will see that spherical aber- 
ration is caused by the difference between the extent of the 
refraction produced at different parts of the lens, and this 
applies not only to all the rays prpceeding from each in- 
dividual point, bat to the several pencils which proceed from 
different points. 

It is evident that if some parts of the lens bring the rays to a 
focus at a shorter distance than others, these parts most magnify 
more, and such is in reality found to be the case. But if one 
part of an object is magnified more than another, the image 
will be distorted, and hence we have what is sometimes known as 
aberration of form. This distortion is easily seen by examining a 
piece of muslin with a magnifier of high power and large 
diameter. The threads in the centre of the field of view* will 
appear to be straight, while those at the outside will appear to 
becurved.t 

Chromatic Aberration. —This is a defect of ordinary 
or uncorrected lenses, whereby they not only act as magnifiers, 
but as prisms, decomposing the light, and causing objects seen 
through them to appear with a fringe of color. Common hand 
magnifying glasses, used in the ordinary way, do not exhibit 
this defect to a very marked degree, but when the images formed 
by lenses of this kind are again magnified, as is done in the 
compound microscope or telescope, the color becomes very dis- 
agreeably perceptible. 

♦By field of view is meant that portion of the object which is visible 
through the magnifier. 

fin ordinary lenses and microscopes, in which this defect is not cor- 
rected by the structure of the glasses themselves, the effects of spherical 
aberration are lessened by contracting the field of view, so that only those 
parts of the object which are seen through the centre of the lens or objec- 
tive are looked at. This contraction is usually effected by means of dia- 
phragms, or round plates of metal pierced with a central hole, which are 
so placed as to oat off the rays which pass through the edge of the lens, 
and leave only those that are central. This plan, however, is only the 
substitution of one defect for another, for by lessening the field of view of 
the lens, we are prevented from seeing more than a very small portion of 
the object, and in addition to this the light is so much reduced that the 
object is seen only with very great difficulty, and not at all clearly. 



Corrected Objectives.— The defects which we hare jnat 
described have been the chief difficulties in the way of perfect- 
ing both the microscope and the telescope. In the case of the 
latter, however, it was long ago found that very excellent re- 
sults conld be obtained by forming the lenses of two c* more 
pieces of glass of different kinds, and numerous attempts were 
made to apply the same principles to the construction of the 
microscope, bat without marked success. The small lenses 
used for the microscope seemed to defy the skill of the practi- 
cal opticians, of those days, and resort was had to such devices 
as lenses made of precious stones, and the use of light which 
could not be decomposed — Mencvabnaaaalic light as it was 
called, or light of one color. Such light is readily procured by 
the combustion of alcohol mixed wit j common salt, and when 
illuminated solely by snch a light, a brilliantly colored painting 
looks exactly like a plain black and white engraving. Bat 
although the use of such a light lessens the evils caused by 
chromatic aberration, they introduce another which is quite 
serious — objects which are really colored, appear in black and 
white only. Moreover, such a light cannot easily be obtained 
of a brilliancy sufficient to afford good illumination, and in 
addition to this all the defects due to spherical aberration still 
remain in full force. 

The first attempts made to perfect the object-glasses of micro- 
scopes, consisted in the use of doublets and triplets, it having 
been found that the spherical aberration is greatly lessened, 
when the total refraction is divided up amongst several surfaces 
of moderate curvature, instead of one surface in which the curva- 
ture is excessive, and this plan is still pursued in the construc- 
tion of what we known as French triplets, which will be de- 
1 hereafter. About the year 1829, however, Mr. J. J. 
-, of Loudon, England, published an elaborate paper 
; .rt, and it was from the principles laid down in 
that nil the important improvements in the modern 
tbtur rise. These principles wore embodied io 
ril.ni.liuti .if objectives by Andrew Ross, who 
taut improvement known as the adjust- 
covor. To Lister and Ross, therefore, 
that wo owe that optical wonder. 
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modem objective, for although great improvements have been 
made within the past few years, it is upon the results of their 
labors that these improvements have been based. And yet, 
notwithstanding this well-known fact, the names of these 
distinguished microsoopists are not so much as mentioned 
in this connection in the recent work of Dr. Frey, which has 
been lately translated into English, and extensively circulated 
in this country ! 

In estimating the quality of an objective, there are certain 
features to which especial attention must be given. Aside 
from magnifying power, which, of course, cannot be regarded as 
affecting the quality of an objective, these points are: 1. Defin- 
ing power; 2. Achromatism; 3. Freedom from aberration 
of form; 4. Flatness of field; 5. Angular aperture; 6. Pene- 
tration; 7. Working distance.* 

Defining Power.— This is undoubtedly the most impor- 
tant quality to be sought for in objectives. A glass that is 
deficient in this point is absolutely worthless. Want of de- 
fining power is shown by a general haziness and thickening of 
the outlines, together with a want of clearness in the details. 
It arises from the presence of either spherical or chromatic 

♦The authors of the Micrographic Dictionary enumerate the following 
points as those in which object-glasses differ from each other: 1. Magni- 
fying power. 2. Defining power. 8. Penetrating power. 4. Their cor- 
rective adaptations. The functions attributed to " denning power " are 
the same as those given by other writers; " penetrating power" seems to 
be equivalent to what is generally called "resolving power;" "corrective 
adaptation" is merely the presence of a means of adjusting for thickness 
of glass cover. Frey distinguishes two attributes of object-glasses, viz., 
denning power, and penetrating or resolving power— penetrating power 
and resolving power being considered by him to be the same thing. 
Carpenter enumerates four distinct attributes of object-glasses, viz., 
" (1) Defining power, or the power of giving a clear and distinct image of 
all well marked features of an object, especially of its boundaries; (2) its 
penetrating power or focal depth, by which the observer is enabled to look 
into the structure of objects; (3) its resolving power, by which it enables 
closely approximated markings to be distinguished; and (4> +*>* ^ntness 
cf ike field which it gives." We cannot regard any of * 
tfons, as strictly logical. Beale makes no formal state 
some very excellent practical directions in regard to the 
jeettre*. 
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aberration, or both. It might be caused by a want of finish on 
the surfaces of the lenses, but this is seldom the case in prac* 
tice, except where the objective has been exposed to some cor- 
roding fumes or liquids. Old objectives that have been very 
excellent in their day, sometimes fail in defining power, from 
the fact that the surface becomes covered with a greasy deposit, 
very slight, it is true, but just enough to destroy the efficiency 
of the glass. Objectives in this condition should be returned 
to the makers to be cleaned. In one case we found that in a 
lens which failed to show anything clearly, the difficulty arose 
from the fact that the cement used for uniting the glasses of 
the combination had become affected. The objective was by a 
well-known maker, but was over twenty years old 

Achromatism. -When an objective shows much color, it 
fails to define well except by monochromatic light, such as that 
obtained by passing sunlight through a cell filled with the blue 
solution of copper in ammonia. A very slight degree of color 
is not regarded as objectionable, and indeed it has been found 
almost impossible to secure the requisite angular aperture and 
absence of spherical aberration without leaving a little color. 
Some of the best objectives, therefore, show such objects as 
the /*, ttNytthitiun with decided colors, and yet well resolved. 

Aberration of Form.- An objective may appear to de- 
fine an object perfectly, and yet give a very distorted figure of 
it, just as a cylindrical mirror gives a perfectly definite, though 
very distorted, image of objects seen reflected in it. Aberra- 
tion of form may arise either from over or under correction of 
the spherical aberration, or from want of honiogcniety in the 
glass used for making the lenses, or from a want of perfection 
^m the workmanship— the surfaces of the lenses nut being per- 
iy spherical. Sometimes this defect is shown very clearly 
one aide of an objective, while the other side is not affected, 
this fact may give rise to very curious results when the 
tv* is tried on different stands, and with oblique light 
l variation in the point at which the screw threads 
*went stands* the objective, when fairly screwed 
cent position in each, as regards the direction 
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from which the illumination comes. The consequence is, that 
an objective which may give excellent results on one stand, 
may fail on another. An easy way of testing this fart, is by 
means of a rotating adapter. Of course the best test for aber- 
ration of form is the artificial star, though in the hands of the 
beginner, a micrometer, ruled into squares, is probably t':e 
most available test. Any trace of tho defect under considei- 
ation will be shown by the lines being curved. 

When the lines appear curved, from the fact that the spherical 
aberration has not been properly c erected, the nature of the 
error may be determined as follows: When the micrometer 
lines are widest apart at tho centre (like the lines on a map of a 
hemisphere) the spherical aberration has been over-corrected. 
It is under-corrected when tho reverse is tho case. 

Aberration of form is one of the worst faults with which a 
lens can be affected, and experience has shown us that it is the 
one which is least apt to be detected by a beginner. An objec- 
tive may give a " beautiful " image, and yet be worthless 
because affected with this defect. 

Flatness of Field.— If, when we examine a perfectly flat 
object, every part included in the field of view is clearly in 
focus, the objective is said to have a jlul fwhl. Want of flat- 
ness of field is shown by some parts of a flat object being 
clear and well-defined, while other parts are out of focus. In 
general it happens that where this defect exists, the centre and 
circumference of the objective do not act together. 

Angular Aperture.— This subject has given rise to some 
of the most vexatious questions connected with microscopy, for 
a discussion of which we must refer our readers to the pages of 
the microscopical journals published during the past few years. 
The views which have been promulgated by the two schools into 
which microscopists Jiave been divided on the questions affect- 
ing angular aperture, have been of an extremely opposite 
nature, and few scientific disputes have been waged with more 
bitterness and personalities than that which has *•»« 

"Battle of the High and Low Angles." Now 
has in a measure cleared away, and that we ai 







v of the actual results which have 1 «en attained) there 
in lif tie room for doubting that the wide anglen have gained the 
victory in all the most important points. In a subsequent 
section we shall give our view in regard to the emmjuateneee 




"wioii of what, angular aperture ia, and its 
" ^'"i-kinj- qualities of the objective. 
" W 'H carefully look over the pages of the 
£i pabliited dining the last few years, will 



(irnlnbly find that amongst tli i> combatant' eren thi 

of lognlat .qnTiiiro Beema to be undecided, all of which is, of 

n.iiirse, very puzzling to a beginner. We tin i j ■ ■ t propose t 

'ii'.iii'' litis vexed cjiiestion, but tlie following statement will, 

□able our readers to form a clear idea of what tin* 

older uriteio ineiuit T ■ *- this tern. 

It was Dr. Goring, we believe, that first pointed nut the 

■■: hik'!] angles, and su^'eshd llic use of 

''.:■- preci iliiiK [liifjn "ere used by 

plain what hi: nut by iiii^nlur aperture. 

figures. I,L and 1/1/ a iv iwn lenses of the name 

power, but ililt'erent aiiijulur jip-t-rl tti'cs. It will be 

be conn of rays pi-.>eeedm^ 1'io.in O. is >uli-tnritially 

I ■ '. but that tin- l"iis LI. takes in 11 lar-or- 

. ii, than the lens L' I,' does of thc.cone 

from O'. The anprlas [,U I. mid 1/ »>' I.' are l.he respective 

: In- ain/rdai' apertures of the two lenses. 

The definition of angular aperture, 
en by Goring, has been followed 
by all subsequent writers, Iho ne- 
(.'oiiqiaiiyiiig 1'iL'ure being Unit used 

by I)i. O&rpenter for tlie purpose of 
npliiiumg and denning the same 
tiling. In this figure the compound 

h.:-.' s, 1, ■! and 8, ore parts of an 
-achromatic objective without its 
brass mounting. The line, i e, is 
tlie front of the objective, and b is 
the object. In this ease the angle, 
n S c, is the angle of aperture, and it 
is evident that if <t c hail been made 
of a larger diameter, or if the eurva- 
2 and 3, had been such that the distance 
i)[ ,i b from 6 bad been lessened, the angle, ■• h i; would have 
been increased. The points that we have mentioned a 
iog the angnlar aperture are in general cont 
character of tho glass used, and by tl 
WM, distance, etc.) employed by the optici 
deviate from them without an cut 
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'.-Mi. devised several practical r 
MlffRlar aperture of different objectives., and be gives a ti 

■ drncriptioii of an arrangement adapted to his o' 

lui iii, in wrhidi the foot was made to rotate on a earefnllj 

renleiiil iiml graduated hose, and modification* of this plan 
haw «inco l«i'ii adopted by several of our -prominent i 

[* tnnkow, If has been pointed out, Iiowerer, 

ii Hi (iK ployed, tin- angle which is measured by this n 

i Hi- ii:i|;lc a b c, ninl although the angle which is a 

ilntui I 1 1'", v be of great value in determining the qoali 

i >r mi iphjii'liv.', it nm hard 1 J lie denied that to apply the fa 
ii i if ii In i ujii'iliiii In iii iv iiIIm-i' iLii^'li' than the one that has been 
ili'n'i Hud, niii-l lend In inlLodueo a confusion of terms, and is 

liUn ili-i n v.- Hn( in order to be strictly accurate, this 

■ Inl'iiiK'iil [imtiiptirwH a condition which is unfortunately too 

Fii'i| Ily oveilonkod, and that is that all the propoi 

milvi'H of llin dilli'iiiil. |iarls of the objective are perfect To 

iniiltn l.h In id ', let UN iiMHunie that Fig. 16 truly represents hd 

nlpji i'II I' u hieli I lie dmmotoi'K, curves, and distances apart of 

il !■ ml I'M ' ', niv abnolutely coiTect for the kind of glass 

lined, II in uhiiiiiiN llinl by slightly increasing the diameter of 
In i " I, in hi I'liiiii-.iiii; llie relations of the three lenses, Ibenji- 

I mi i ■!! I imi'iiliii' ii|iei'lui'e might. lj. usiderably increased. We 

ivniihl " Hud, hmu'ver, Unit this increasa was of no advan- 

i.i," . I rii'i 1 pu:-.. in;'; :i ivrh.ii! degree the back coudiiiw- 

llmni would r.ol I., nlitlw the additional rays admitted, and lire 

KWilMv .1 lie thai Ihe performance of the lens wonldbein- 

JiifK.1 [H'ovod. Therefore, although in 

miuttwfoil I I lie unglo u 6 o shows the true augulat 

till* Hill tiril lie the nine if the optician lias made the front, d 
larger than II. ought to Ihi in relation to the other parts of t 
objeellve," 

It, i.i mi iinfei'limale. hut an indisputable faet, that this very 

inintjiko Im fnu|i tly i milled by makers of objectives, who 

jj^H him' nut studied , or do not appreciate the ipmlitiesof 
of wide imgti'N. They therefore make objectives whii'li 
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admit widely divergent pencils, but which fail to give distinct 
and sharply-defined images. Such lenses, when measured by 
the older methods, indicate extraordinarily large uncles, and 
yet fail to have a resolving power at all romuiensurate with 
the aperture claimed. Indeed, when such objectives are 
diaphrognied down to moderate angles, their performance is 
frequently greatly improved. The action in this case i> similar 
to that of the diaphragms in the hand magnifiers, shown in 
Figures 2 and 3. In these simple lenses, it is found that by 
cutting off the outer rays, which do not come to tin* same focus 
as the central ones, the definition is greatly improved. 

It is a fact no longer open to dispute, that the dlicieucy of 
an objective, supposing it to be properly corrected, may be 
more nearly expressed by its angular aperture than by its focal 
length. For example, if wc have? two objectives, one of one- 
fifteenth of an inch focal length, and l."iO : angular aperture, and 
another of one-fifth of an inch focal length, and ISO angular 
aperture, the latter, although magnifying only one-third as 
much as the other, will actually show more of the more delicate 
structural features of any object ; and if its magnifying power 
be increased by suitable eye-pieces until it is equal to the mag- 
nifying power of the one-fifteenth, it will give a better image 
than the latter. Our own experience has long since convinced 
ns of the truth of this, and we believe that it is the opinion 
held to-day by all who are familiar with glasses of both kinds. 
Prof. Abbe, who is, perhaps, the highest living authority on the 
mathematics of the microscope, goes so far as to say that the 
angular aperture of an objective is an exact expression of its 
power, and he gives a table in which he lays down the number of 
lines to the inch which may be resolved by any given aperture. 

It is not difficult to give a practical demonstration of the" im- 
portance of a comparatively wide angle of aperture, for as we 
have just 'said, object-glasses possessing this feature are capable 
of giving important results, which cannot be obtained by means 
of lenses of lower angle. Thus, when we examine, by means 
of a superior French triplet of one-sixth of an inch focus, 
the silicious remains of certain very minute plants of the species 
Pkurosigma Balticum, we are able to see certain l 1 
"igs which exist upon their surfaces. That we 
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Tliw quality of objectives of largo angles, whereby they 
are capable of showing distinctly delicate lines or tints placed 
very closely together, is known as nsn'riw/ /#..#••• /■. I n tin* early 
days of microscopy, it was called j>'intr.tf u „j /..■»/•, the tt-rm 
penetrating having been applied to that quality of the telesc- .pe 
by which it is enabled to show sep irately the individual Mars 
of which the nebulio are composed. In the telescope this was 
supposed to depend upon sj» /#■••-/#. •##.//•#///##»/ ]•■>>•-.• as distin- 
guished from mere magnifying power, and this space-pen* l rat- 
ing power was found to depend very largely upon angular aper- 
ture. In the cose of the microscope, however, it is nowgene- 
rafly agreed that what was called penetrating power in the 
telescope, shall be called resolving power, while to the term 
penetrating power an entirely different meaning has been given. 
Mere resolving power, however, or the power of showing 
separately lines placed very closely together, is not the only 
valuable feature of well-corrected object-glasses of high angles. 
They show delicate lines and fibres, and enable us to make out 
differences of structure which are entirely invisible to lenses 
of low angles. Thus, for example, it has been found during 
recent researches, that the delicate ilagella of certain monads 
con be seen perfectly with high angle lenses, while with very 
excellent glasses of low angular aperture they are quite, invis- 
ible. The same fact, probably, holds true in regard to the ulti- 
mate fibres of nerves and similar objects. 

The researches of Lister and Boss formed, as we have just 
itated, the first great step in the directh >n < »f 1 >etter <•< >rreet ion and 
increased angular ax>erture. Whereas, U) to (1.V had previously 
been regarded as very high angles, even in objectives of the 
shortest foeal distance, R.>ss, in his objectives, soon attained 
an aperture of 132° to 135 and, working with the glass at that- 
time available, this was pronounced the highest attainable 
angle. Attempts had previously been made to obtain a higher 
angle by the use of the glass which Faraday devised for optical 
purposes, and which is in fact a borate of lead. But this com- 
pound is so easily tarnished and disintegrated, that it was 
found impracticable to use it. It happened, however, that 
a young American backwoodsman, diaries A r, of 

Canostota, N. Y., a graduate of Hamilton 1 'via 
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attention called to this subject, and after careful study lie con- 
cluded that if he could only procure a durable glass of greater 
refracting power than that ordinarily attainable, the angular 
aperture might be greatly increased. He at once went to work, 
and after many experiments he succeeded in producing a glass 
which enabled him to attain immediately an angular aperture 
of 146 3 . As early as 1857 he had produced a l-12th with an 
angular aperture of 178 3 . His objectives had corresponding ex- 
cellence in other directions, and from that time forward this 
country has been noted for the excellence of its objectives, and 
especially for their great resolving power. "We may note, in 
passing, that glass of great refractive power, combined with 
sufficient hardness and durability, is now produced as a regular 
article of commerce. 

Penetrating Power.— As previously stated, penetrating 
power, in the early days of microscopy, meant precisely what is 
now understood by resolving power. Xow, however, penetra- 
ting power is usually understood to mean the extent to which 
an object-glass shows the depth or thickness of an object. It 
is obvious that such a result can only be produced by the lens 
showing several layers of images, all of which are equally in 
focus, and consequently equally visible at the same time. In 
other words, instead of bringing only one given point sharply 
to a focus, the lens, which has great penetrating power, will 
bring several other points lying above and lielow this point 
equally to a focus. Hence, as Dr. Pelletan well observes in his 
work, "Le Microscope" : ** From a purely theoretical point 
of view, an objective with penetration is in reality a defective 
objective." 

As this subject is one of great importance, we have intro- 
duced the two engravings, Figures 18 and 19, for the purpose 
of making it clear to our readers. In Figure IS we have shown 
a small lens of half-inch focus, and with a very narrow angle. 
Figure 19 shows a lens of the same focal length, but with an 
of 90°. The points at which the lines a c and b c in Fig. 
*€f and V € in Fig. 19 cross each other, are the respec- 
* two lenses at the centre of the field of view. 
-ace the lines ae and b o, and oVand b' d 







Cttisa. we have drawn these lines, which mav be supposed In 
represent respectively three layers of cells in a section mounted 
for microscopical examination. If the reader will examine Uib 
relation of these lines U> the crossing lines in Fig. IS, he will 
fail that the lines a c anil h c coincide completely lietween th«* 
t:ppt<r anil under lines, anil even outside of them, forming, in 
fat, ii single line. In Figure 19, ou the other liand, it is only 
Uh middle line that passes through the point id which the linen 
'L.' point where the upper ami lower lines pass . 
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tba lines, a' c' and b' if, have already separated toHiieh an extent 
us tn Inrm distinct lines. If we regard the lines, 'i b, b c and 
rfb\ 6V, as rnys of light, it is evident that while- those in Fig. 

18 will form images of the upper and lower Knew, those in Fig. 

19 cannot do so.* 

Until within a few years it has been accepted, an a thoroughly 
ilemonst rated fact, thai penetrating anil resolving power always, 
^iKBeniiy, exist in inverso ratio to each other, for it is always 
found that, other tilings l>eiiig eipinl, resolving power increases 
"ith the angle of aperture, while penetrating power decreases. 
Of late, however, it has Leen claimed that certain lenses 
o' great resolving power possess considerable penetrating 
power. 
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io wish to examine iliis snlijeet mor 
in article on " Penetration in Objectives 
■ubliflbeil in the American Jovmnl of Mi 
tlio ilisi'iissiuji* which follow in suoocei"" 
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In attempting to reach a .~onnd -onelnsion --n this xiint.it 
must \mt \tftXTJ'. ::i :^i:iii that i'esoiving power .ices ::oi lepend 
/rW/y 'lpon, ari-.TLiar aperture. Tirn object iv.--s i :L* same 
anj/le m&v ]iav»; v.-rv ■ I liferent riowers «>i "esoiution. >:i account 
of the de*rree of iierfwrion to whirh the ■ •riiToctions Iiavi? been 
'•arriftl. fiiiii :: i.s fiite possible that a iens ■ ■! -zreai :*e*»;-Iving 
jiowv-r may Lure a lower ;inirle than another objective which, it 
excels in this resp»?ct. In this i*ase the lens <«t -rreatest revolving 
power might also have the uToatest penetration. We confess, 
however, that we «-annot .-♦•«• imw cn*«'at penetration I'an be com- 
bined with very high angular aperture, ami in this view we 1 re- 
lieve that we are in accord with the rnajurity nf our ljest miero- 
scopists. Wa::t •■£ penetration lias b«*-n urged against objec- 
tives of high angular ax>ertnre as a .seriuiis defect in many in- 
vestigations in histologr ami natnral historr. The advocates 
of high angles claim that the best way to avoid this diffieulry 
is to use objectives of less magnifying power, and to combine 
them with high eye-pieces. It is claimed that in this way the 
same amplification and penetration may be obtained as with 
low-angled objectives, and with greatly increased distinctness 
and improved definition. 

Where, stereoscopic effect u required by means of the ordin- 
ary binocular, low-angled objectives give better results than 
those of higher angle — one reason for this beiu;r that the 
corrections of such objectives are not so easily disturbed as 
those of the others. But it Is a curious fact that low-power 
objectives of high angle, when used monocularly for examining 
opaqne objects, frequently give an impression of stereoscopic 
effect which is startling. We feci certain that no one that has 
his attention once called to this point can ever forget it. 
The late Henry J. Clark, in an article contributed by him to 
•fart Journal, many years ago, suggested another meaning 
item "penetration" in objectives. He referred to the 
4tlflh objectives of high angle and perfect correction 
bring through and ignoring, as it were, the various 
11l or other elements which lie above the special 
thloli latter, when seen by a high-angle lens, is 
*hile all the others arc invisible. Mr. Stod- 
my attention to this article, which I had 
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read many years ago but had forgotten, suggests that this 1h» 
called the penetration of high angle* in contradistinction to the 
penetration of low angles as understood by Dr. (.'arj>cut<T. 
Erey, and others. Where the latter kind of penetration obtains. 
all the layers are visible at once, as we have previously 
explained. 

Working Distance*— Considered as a quality of an ob- 
jective, working distance is the distance between the front Ions 
and the object, and it is this distance, and this only, which can 
guide ns in forming an estimate of the quality of any given ob- 
jective, as regards this particular feature. In practice, this 
distance is diminished by the amount of metal used in netting, 
which projects in front of the lenses, and also by the thickness 
of the cover glass. It is evident, however, that these are mere 
accidental circumstances which can be readily changed, and 
which have nothing whatever to do with the quality of the ob- 
jective as regards its optical characteristics. Some writers 
have denned working distance to be the space between the 
front of the lens and the upper surface of the cover glass ; but 
it is very evident that if we accept this definition we can no 
longer regard " working distance " as a quality of the objective, 
since an objective which might be notable for its great working 
distance with ordinary cover glasses, would have no working 
distance at all if very thick covers were used. 

To avoid this difficulty, the term frontal distance has been 
introduced, and is used by some writers to signify the quality 
heretofore recognized as working distance. But since the term 
"working distance" has obtained a firm foothold in micro- 
scopical literature, as expressing an important quality or feature 
<tf objectives, we cannot see how any other meaning can be at- 
tached to it than that given above. 

Working distance is a very important feature in all lenses, 
and good working distance is specially valuable to beginners. 
There are many objectives in market that have to bo brought 
so close to the object that ordinary covering "° 

used, and even with the thinnest glass, the 
the objective and the object is such that great 
squired to avoid accidents. Such objectives 
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must lio considered. Some makers have endeavored U 
this difficulty by supplying double fronts {a wet ami a dry| U 
Uiuir objectives, while others bave constructed objective 
work either wet or dry, according as the arrangement nsed fa 
llio ordinary cover-adjustment is set to the one or the other. 

I.i-im Systems Duplex Fronts —Formerly the term 
"aysUJiu" was applied only to the entire combination forming 
the objective, and we had "immersion systems," "correction 
systems," etc. At present the word is used also to denote the 
Individual combinations of two or more pieces of glass, wbicl, 
when arranged together, form the whole objective, as will be 
understood from Fig. 16, where 1, 2 and 3 form the separate 
iiystoins, each composed of two pieces of glass. Such a com- 
hi until in (the figure of which is, of course, only diagramatic) is 
miiil to form a three-system lens. Very low powers, formed of 
I.m.i iirliriniNitii' lenses, are said to be two-system; fonj ci 
blnnlioiiK, four-system, etc. 

Home yuai'siigo, Mr. Tollea brought out objectives of remark- 
able power, which were known as "duplex fronts," or ' 
Nylin. i objectives. These objectives were so called because* 

i titiil Ions (nearly hemispherical) was added to the front c< 

liinnliriH, and Hiis additional lens, added to the three aire 
in MO, mode iv foui'-H_y stem arrangement. 

I '■.ml. Triplets.- A few years ago these objectives 
used quite extensively. Tliey are no called because they 
giiinli'il in the country after which they are named, while 
fiii'lliii' ilijitiiie.iiidli between (lulu and objectives constructed 

nidi lie. In I lie principles laid down by Lister, the latter were 

known as the limjlkh furin. Good makers of the English form 

■I * f '1 in thfl United States, France, Germany, Austria, 

and Italy ; and tin* French pattern is made in many of the 
uities of Europe outside of France, although as yet neither the 
F.iigllidi nor the American opticians Imve lieen able to manu- 
fiirl.iire them :il 1'iiiei which can compete with those of 
C'nilim iiI;l1 Enroiio, The best of the so-called French ob- 

(•Otivw consis ply of lenses in which the chromatic aber- 

ceted by Hie UHunl plan of making each lens 
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of two different kinds of glass, while the spherical aberration 
is corrected partly by the form of the lens, but chiefly by re- 
ducing the aperture, and by properly combining a series of 
single lenses, which, hovever, are never especially adjusted to 
each other, as in the English forms. Each objective, in its 
most perfect condition, consists of three lenses screwed to- 
gether, and in the lower powers these lenses may be separated 
and used either singly or in combinations of two or three. As 
the magnifying power obtained with two lenses is less than 
that obtained by three, the defects of the double combination 
are not as obvions as they would be if the magnifying power 
were equal to that of the triple combination. As, however, the 
spherical aberration in the case of a single lens, whether it be a 
plain lens or an achromatic combination, is always greater than 
that of a doublet, and the aberration in the doublet greater 
than that in the triplet, it is never a good plan to attempt to 
obtain a low or moderate power by separating the lenses of a 
high power objective, and using them singly or in twos. Any 
person having a few French objectives at hand who will try this 
and attempt to secure the same magnifying power by the use of 
two lenses, and also by the use of three, the latter being a regu- 
larly adjusted combination, will find that the results obtained 
by the use of the latter are far superior to those afforded by the 
former.* 

Considering their quality, these French objectives are re- 
markably cheap. Thus a French No. 2, which is nearly equiv- 
alent to the one-fourth objective of the English and American 
opticians, can be bought for $5, while the cheapest student's 
objective of tbis power would cost at least double that sum. In 
addition to this, the French objective may be divided so as to 
afford two other objectives of about three-quarters and one 
inch each, and although the performance of these is far inferior 
to English or American objectives of the same power, they are 

*In making such a trial, it is, of course, necessary to use lenses of equal 
quality in both cases, since the quality of the professedly achromatio 
French objectives in market varies very much. We have seen objectives 
of this olass of the same magnifying power, one of which wo*- 1 '" L """ri ve 
the markings on the scales of the clothes-moth's wing, v 
would resolve the Fleurosigma BaUicurn. 
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ordinary French objectives is about a quarter of an inch in 
focal length. As it is often useful to the microscopist to know 
the powers of the different objectives made by prominent con- 
tinental makers, we give the focal lengths of the objectives of 
Nachet, Hartnack, and Gundlach, premising, however, that 
by so doing we by no means intend to class these objectives 
with ordinary French triplets. 
Naohet's ordinary objectives are as follows: 

Number 12 3 4 5 

Focusin inches 2 1 1-2 1-4 1-5 1-8 

The immersion and correction objectives of the same maker 

are as follows: 

Number 6 7 8 9 10 11 12 

Pocue in inches 1-10 1-14 1-15 1-20 1-30 1-40 1-50 

Hartnack's objectives of recent construction are as follows: 

Number 123456789 

Focub in inches. ... 2 1 3-4 1-2 1-4 1-5 1-6 1-9 1-11 

Hartnack's new objectives with immersion and correction are 
as follows: 



No. Focus in inches. 
9 1-12 


No. 

14 

15 

16 

17 

18 

tcale: 

No. 

Via 

Ylb 

Vila 

YLlb 
VIII 

IX 


Focus in inches. 
1-28 




1-33 

1-40 


12 1 91 

**••••*••*■ • • • • ••■• ••• 1"«1 

13 1-25 


1-45 

1-50 


The following is Gundlach's 8 
No. Focus in inches. 

II 1-2 


Focus in inches. 

1-12 

. . 1-12 


m....;;. ■;;.•;;;;;;;::: 1-3 

IV.... 1-4 


1-16 

1-16 


V 1-8 


1-24 




1-32 



Via and Vila are not adjustable for thickness of cover, 
▼hile Ylb and VTO are. Vila, VII6, VIII and IX are immer- 
sion lenses. 

Since taking up his residence in this country, Mr. Gundlach 
has adopted the system of the English and American makers, 
and designates his objectives by their focal len^-h . The 
table given above, however, will prove of servic "* 

either possess or intend to purchase specimen! 
Work, some of which was very excellent. 



BRLEOTTOS AOT> VSB 

Testing Objectives. At first sight it would seem to be 
the easiest thing in the world to test an objective, and find out 
whether or not it is capable of doing certain work, but a little 
experience soon teaches those who are not too self-conceited. 
that it is the easiest thing in the world to lie deceived. We 
have seen those who considered themselves the most capable 
of judges, condemn lenses that had received the approbation oi 
the ablest mioroscopists in the world — lenses too that had shown 
their efficiency by doing really good work; showing that even 
those who consider themselves very expert, may sometimes arrive 
at wrong conclusions. If this is the case, then, with men of 
training and experience, how can a beginner, who has had no 
experience, hope to be able to form a correct judgment in re- 
gard to the quality of an objective ? 

But while it is difficult, or perhaps impossible, to pronounce 
a positive opinion in regard to the quality of an objective, 
especially those made for some of the higher departments oi 
microscopic work, it is in general easy for those who have bail 
experience, to form a judgment in regard to ordinary objective!, 
or at least those designed for ordinary purposes. The ability 
to form such a judgment depends rather upon experience and 
a comparison with the work of other glasses than upon a refer- 
ence to any special standard; and therefore, as a general rnle, 
we would advise beginners who are about to purchase objective* 
to obtain the advice and assistance of some skilful friend. 
To those who cannot obtain such assistance, we offer the follow- 
ing hints. 

The great difficulty in the way of arriving at a decision i» 
regard to the quality of au objective, is the want of a standat* 
with which to judge its performance. When we examine tb^ 
image which an objective gives of any object, it is very difliciii- 
to decide whether or not that image truly represents the obr^ 
ject. Take, for example, the podura scale: wide differences o-* 
opinion exist as to its structure, and how it nwjld to look; sup ■"" 
pose, then, that two objectives show euti rely different appear^ 
of this object, who shall decide which one is correct^ 
of expert microscopists, tbi3 hold.*' 
> absolutely, which it does, how shall a beginner determine 
'nages which he sees through an objective are true c 
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false? Iii some departments, the most earnest and long-con- 
tinued discussions have been maintained in regard to the ac- 
curacy or inaccuracy of certain images as seen by professional 
microscopists, and, strange to say, these disputes affect the 
very tests most commonly used, viz., the Podura scale and the 
test diatoms. 

Makers of objectives, and skilful microscopists, being aware 
of the fallacies which beset examinations of this kind, resort to 
certain artificial standards of which the construction is posi- 
tively known, and which should therefore give appearances 
conforming to this known structure. Numerous tests of 
this kind have been suggested, but the only ones generally 
accepted are the artificial star* and ruled glass plates. Of the 
latter, ordinary micrometers answer a very good purpose, but 
the most delicate tests are the famous ruled plates of M. Nobert. 

In the examination of objectives, there are a few simple gene- 
ral rules which must be observed by the microscopist if he 
would secure accurate results. 

The first important point, and one to which sufficient attention 
is not generally given, is the health of the observer at the time of 
nuking the trial. The eye is a very delicate organ, and the 
slightest derangement of the stomach or nerves affects it to an 
extent that few persons realize. We have an object-glass of 
comparatively low power, with which, when iu good personal 
health, we find no difficulty in resolving the P. angidatum, 
ftough a very slight disturbance of the digestive organs, ren- 
ders the lines perfectly invisible. 

It must also be remembered that in the case of such delicate 
observations, personal peculiarities, irrespective of health or 
sickness, exert a marked influence, so that it does not follow 
that what one observer sees, all can see. We have frequently 



•The artificial star is a very minute globule of mercury, obtained by 
Crushing a small drop by means of a smart tap with a flat slip of iron or 
ivory. This globule is made to act as a small convex mirror, reflecting 
the light of a lamp, candle or window. It is not mentioned by modern 
writers on the microscope (Carpenter, Hogg, Be* 1 "~" *tc.),but is 
Used by some of our best opticians. Dr. Roysto ^cently 

revived its use. Goring devoted considerable spi the 

best methods of using it. 
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seen those who could not distinguish lines that were visible to 
others, and we have also met those to whom an objective, in 
which the chromatic errors were very obvious, seemed to be 
perfect. This probably arose from a kind of color blind- 
ness. We have also met eyes which distorted objects, and 
those which saw fringes of color round objects viewed through 
an objective of generally recognized excellence. 

Attempts have been made to get rid of the errors arising 
from personal peculiarities (or what may perhaps be called the 
"personal equation") by employing photography, it being 
assumed that if a lens will give an image which can be photo- 
graphed, it must give an image that may be seen, and that 
. whatever is photographed must of necessity be a real image. 
But from the known fact that the foci of the chemical and 
visual rays do not coincide, and that the corrections required 
in the one case are not those calculated to give the best results 
in the other, we have little faith in photography as the best 
test of the excellence of an objective, except, of course, in those 
cases where photographic work is the chief purpose in view. 
Lenses intended to transmit an image to the eye must be tested 
by the eye, and if certain eyes show peculiarities not possessed by 
the average eye, then lenses must be corrected specially for them* 

It is scarcely necessary to say that when an objective is put 
upon its trial, the stand and means of illumination ought to be 
such as will do it justice. The best stand in the world cannot 
make a good objective out of a poor one, but a poor stand will 
give poor results even with the best objective. The eye-pieces 
also should be of good quality, and if an objective, which the 
microscopist has reason to believe is a good one, fails, it should 
not be condemned until it has been tried with eye-pieces either 
by the same maker, or of a known standard of excellence. And 
we must also remember that it is not sufficient to examine an 
objective in combination with a shallow eye-piece, or one giving 
a low magnifying power. An objective may perform very well 
if used with low eye-pieces, and utterly fail when a higher 
is applied. Most makers of objectives test their glasses 
nieces of very high power — a quarter and even an 
toons, or what would be equivalent to H or K 
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The room in which the test is made must also be a subject of 
careful selection. Very many of our best microscopes aro used 
in our large cities; at least they are very generally examined 
there with a view to purchase. Now, those who aro familiar 
with the subject, know that during the day time the huildiugs 
along the principal thoroughfares in our large cities aro in such 
a state of constant vibration, that good results are rendered im- 
possible, and therefore that an objective and stand which, 
under such circumstances, fail to resolve difficult tests, or to 
define clearly, should not on that account be condemned. 

The illumination employed must also receive careful atten- 
tion. An objective which readily resolves the /*. amjuLttum by 
central illumination, when lamplight or good daylight in used, 
may fail when poor daylight is employed. Special directions 
on this point are given under the head of light and illunv- 
tion, and therefore we would merely say here that an objec 
which has been tested only by the dull blue light of a northern 
sky, cannot be said to be inferior because it has fuiled either in 
resolving or defining power. 

On the other hand, we must not place too high an estimate 
on an objective which, by the aid of monochromatic light, (the 
blue-cell, for example,) has resolved certain diflicult tests. It 

• 

is not uncommon to find that lenses of a quarter-inch focus 
will, with blue light, resolve the Amphiplnmt jail whin, but 
fail completely with ordinary light. Even eighths and tenths 
by the same makers, and of a grade quite us good as the fourths 
just mentioned, fail to resolve the A mphiplennt by ordinary 
iHumination, even when well managed. The aid which is 
derived from blue light in the resolution of difficult diatoms is 
^questionable, but it is not quite so clear that this kind of 
%ht gives the same assistance in the matter of definition. Our 
own experience leads us to believe that the real assistance de- 
rived in the latter case is very slight. Therefore, we do not 
f&gard it as a very high recommendation for ordinary work that 
a lens can resolve the Amphipleura by blue light. We have, 
however, seen a fourth which would resolve the Amphipleura by 
the light of an ordinary hand lamp, aided by Wenham's reflex 
iUuminator. The objective was made by Tollr nipu- 

lated by him. 



To determine tbe quality of an objective it ia best to take up 
in succession the several features which we have just detailed, 
and examine its efficiency ia each of these directions. First of 
all, the defining power should be carefully tried, this being the 
most important quality that a glass can possess. No special 
test can bo named for this, and in fact tbe formation of a cor- 
rect judgment in regard to it will depend more upon the 
experience of the observer than upon any particular rules thit 
oan be laid down. As Carpenter well says: " An experienced 
mioroscopist will judge of the defining power of a lens by the 
quality of the image which it gives of almost any object with 
which he may be familiar." To which we may add that the 
inexpei'ieitcetl mioroscopist will in general fail to detect a mot 
of defining power, no matter what object he may examine. 

Th j chief points seem to be that the outlines should be sharp 
and clear, tbe blacks black, and tbe other natural colors clear 
and distinct. Frey compared tbe image given by a good lens 
to a good copper plate, or a print with sharp letters, and no 
illustration could be more to tbe point. He also states that «i 
objective which is deficient in this respect, is best tested with 
a pretty strong eye-piece. In our own experience we bwe 
found no surer test of excellence than this ; an objective which 
is deficient in defining power, is sure to " break down " under 
a high eye-piece. Deep eye-piecing does not effect the resolv- 
ing power of a lens to the samo extent that the defining power 
is lessened, and therefore, the fact that a glass shows lines 
under a high eye-piece, is not an absolute demonstration of its 
excellence as regards definition. At the same time, it will be 
fonnd that considerable, angular aperture is absolutely neces- 
sary to enable any glass to bear deep eye-piecing, because with- 
out this, the loss of light is so great that nothing can be seen 
clearly, Hence the truth of the somewhat paradoxical state- 
ment, that au objective may be really good under a low eye- 
piece, and yet fail under a high one. 

With the English opticians a favorite test for definition ie* 

"udurii EC-lie. Unfortunately, however, the structure of 

$ and even the identification of the scale itself, seemv 

itter of doubt. Page after page has been written for" 

if showing how the Podura sealo ought to look, and 





Fig. a. 



BtiU the question seems to be undecided. Carpenter, in his last 
edition (page 702) says: " The sharp and distinct bringing-out 
of the 'exclamation marks 'of the Podura scale, oonstitn tee, when 
itooexutswithtbegreateat practicable freedom from color, uid 
with adequate 'focal depth' or 'penetrating power,' the most 
valuable proof of the fitness of an Objective of high power for 
the purpose of scientific work." 

To give onr readers an idea of 
how the podura scale ought to look, 
we give a figure copied from the 
engraving published by the late 
Richard Beck, in his work on the 
microscope. The figure shows 
"the appearance of the Podura 
scale when the adjustment of the 
object glass is correct and the mark- 
ings are in focus." The objective 
used was a one-eighth, giving a 
magnifying power of 1,800 diame- 

It is, we believe, generally oonceded that in the present state 
of the art, perfect correction for color cannot be obtained, but 
to long as the residuary chromatic abberration does not inter- 
fere with the defining power of the objective, it cannot be re- 
garded as an objection. And yet we have seen a would-be critic 
reject a very excellent lens because it showed a little color, 
while he was loud in his praise of another lens which, although 
more perfect in this respect was almost worthless otherwise, 
lake specks of dirt on an eye-piece, which do no harm and are 
never even seen by experienced microscopists, slight color and 
want of flatness of field are the biles noirs of beginners. They 
are the defeats which are most easily detected, and the detec- 
tion gives the critic an air of knowledge which is to him a 
source of great pride. 

The beat English and American opticians now si' " der- 
oorrect their best objectives, so that the field st 
greenish hue, while any prominent markings 
such as the dots on the Angtdatum stand out ok 
fined and of a very delicate ruby tint. Accord! 



majority of continental makers adopt the opposite p/u/'- 
Their lenses are over- corrected, and objects show a blnisft 

A want of correction for color is shown when thin objects with 
many cross lines are oiumii-iiil, especially with slightly oblique 
fight As a test for achromatism in low powers, Carpenter 
prefers a section of coniferous wood, showing' the glandular 
dots. He also recommends the trucheie of insects, but almost 
*ny lined object will answer the purpose. 

The existence of aberration of form is best proved by the use 
of a fine micrometer or a Nobert's plate. When this defect is 
very marked, it is easily seen in the curved and distorted lines 
of which the image consists, but such a sfato "f thinyu <-^' 
only in extreme oases. Where thi 3 distortion is not very glar- 
ing, it may be necessary to compare the magnified image of the 
lines in the stage micrometer with straight lines ruled on a tain 
plate of glass laid on the diaphragm of the eye-piece— in otber 
words with au eye-piece micrometer in which the ruled hues are 
quite long. 

For testing for flatness of field nnd aberration of form, FreT 
recommends " a slide thickly oiucured with India ink, iu whioli 
small circles or other figures are scratched with the point of a 
fine needle. * * * If the instrument is adjusted with trans- 
mitted light for such a circle, it should appear sharply 
cut on the black ground, and not surrounded by a halo 
of light. If the circle is then brought out of focus, it 
gradually enlarges, while its sharp borders disappear, witb- 
out spreading n strong halo of light either inwards or outwards 
over the black field." 

The angular aperture of an objective can be determined 
accurately only by measurement, and this is something that 
beginners will hardly attempt. To measure accurately the 
angular aperture of an objective, is a task requiring con' 
siderable skill and knowledge, and most of the appli- 
ances furnished by microscope-makers for this purpose, fail 
to give accurate results. It must be remembered that in 
Measuring the angle of an objective, we must comply with 
'■he same rules that govern tho accurate measurement of 
■r angle. Dr. Carpenter, in his work, gives a method 
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which he calls " the simplest and most convenient." We ven- 
ture to say, that none but an expert can obtain by it results 
that are anywhere near accurate, especially with high powers. 
We therefore consider that any directions upon this subject, 
addressed to beginners, would be worse than useless. 

Since, however, the resolving power of an objective depends 
in a large measure upon its angular aperture, wo may feel 
pretty certain that an objective which fails to resolve tests 
suited to its magnifying power, is deficient in angular aperture, 
unless, indeed, its inefficiency should arise from want of defining 
power, which may be tested by other means. Of ordinary work- 
ing lenses, the half inch ought easily to resolve the Pleurosignui 
Balticum; the quarter inch should resolve the P. anguhttum by 
oblique light, and those of a fifth or sixth inch focus should 
resolve the latter test by axial or central light. An eighth, 
tenth, or twelfth, ought to resolve all the diatoms on the Probe 
Platte below the 17th. It is true that objectives of a quarter 
inch focus have been made to resolve everything on the Probe 
Platte, but such glasses cost too much to render it likely that 
they will fall into the hands of ordinary students. Twelfths 
and sixteenths should go through the Probe Phttle easily. If 
they cannot do this it would be better to take a lower power of 
better quality, and use it with a higher eye-piece. 

We must also be on our guard against an old source of error — 
the use of lined tests which vary from the accepted standard.*,. 
Great differences exist in the different specimens of the var- 
ious test objects that are used, some, owing to individual 
characteristics and the methods employed in mounting, being 
much more easily resolved or shown than others. Oonse- 

*"The proof objects [finely lined insect scales] originally discovered by 
Ue, are sufficient for that purpose in honest hands, and when used with (ho 
precautions I have pointed out. But it is well known that they have been 
shamefully abused, owing to the various facilities of w ""Men 

exist between different specimens of lined objects, the 
terg of which closely resemble each other; so that it 
there are proof objects to suit the capacities of all micr 
are actually perverted to the purpose of deceiving the u 
the publio in a much more effectual manner, than o© 
been done without them." — Goring, What is true of *■ 
Goring is also true, though perhaps not to the samo cxtt 
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i test used is itself il.it. Common glass slides 
flat, and as they are used for the cheaper kinds of ] 
photographs, this fact may give rise toerrors if we are nt 
ful in our selections. The best slides are cut from glass plate 
which Las been ground and polished so that the sides are per- 
fect planes, and it is this kind only that should be used. Care 
should also bo taken to see that the object lies flat on the slide, 
and is not distorted by the cover. We have seen an objective 
condemned because it did nut show all the diatoms in the field 
of view in focus at once, when the fact was that the diatoms 
were attached to tlia cover which was slightly wavy as covers 
often are. When it is suspected that the fault ia not in the objec- 
tive, but in the slide or cover, the object should be carefully 
passed across the field of view, and the changes in focus noticed. 
This will iu general tell where the defect lies, for if the part 
that is apparently foggy should move as the object moves, it 
shows that the object itself is not flat. It has been recom- 
mended by high authority to test objectives for flatness of field 
by strewing some fine powder on a slide and seeing whether all 
the grains are iu focus at once. For obvious r< 
very unreliable method. 

Penetration in low powers is perhaps most readily deter- 
mined by the examination of opaque objects of considerable 
thickness. The round pollen grains of the hollyhock, and the 
rounded forms of the polycystiua are excellent tests for objec- 
tives of an inch or inch and a half. Lower powers ought to 
show coarser objects in all their dimensions, while for those of 
medium power the coarser cellular tissue of plants answers very 
well. It is mora difficult to indicate a good test for penetra- 
tion iu the higher powers, in which, by the way, we have often 
seen waut of penetration mistaken for want of flatness of field. 
This arose simply from the fact that scarcely any object ia 
absolutely flat, and hence, aa explained under another head, 
the curvature of the object is sometimes taken as an indica- 
■• defect iu the objective. Waut of good working 
■tsflf obvious during the examination of any 
lbjL-ctivu. 
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ON THE SELECTION OF A MICROSCOPE FOR PRAC- 
TICAL PURPOSES. 

The object of all the information given in the preceding 
pages, is to enable the reader not only to understand the con- 
struction of the microscope, but to select one judiciously ; and, 
therefore, in every section we have offered hints bearing in this 
direction. We now propose to give the reader such special in- 
structions in regard to the choice of an instrument as are 
necessary in addition to those previously offered. 

Those who will examine the catalogues of the various makers 
of microscopes, will find the instruments divided into first, 
second, third, fourth, etc., classes, the microscopes in each 
succeeding class in this descending scale l>eing smaller and less 
complete than those in the one preceding it. The first-class 
microscopes of almost all our prominent makers are large, 
beautifully-made instruments. They are provided with me- 
chanical movements in every part, whereby the utmost delicacy 
and precision in making an adjustment, and in recording it, 
may be obtained, and as a natural consequence, such instru- 
ments are quite expensive. Indeed, it will often be found that 
the hanging and adjustment of the mirrors alone, of these fine 
stands, cost as much as an entire microscope of the lower 
grades. 

Second-class stands are usually smaller than those of the first 
class, but they are frequently very complete as regards their 
adjustments and arrangements. Microscopes of the third and 
fourth class are usually much simpler in their construction, as 
well as less in size. In addition to these different classes, most 
manufacturers offer models adapted to special purposes, so that 
in setting out to procure a microscope, the begin* 
to be bewildered unless he has the guidance of I 
friend. Of course those who are mere dealers a 
purchase of the most complete and expensive mifl 
the funds of the purchaser will enable him to pro 



or THE MICROSCOPE. 97 

The first point to be decided, is the kind of microscope that 
should be procured — that is to say, whether a simple or a com- 
pound microscope is wanted. If the student is desirous of 
wiring on objects under the microscope— making directions 
of flowers, etc. — a simple microscope, of any of the kinds de- 
scribed in a previous chapter, will suit his purpose best. It 
should be arranged on a stand, and this he can either do him- 
self, or he can procure one of the many (lissMtiny microsmpes 
^hick he will find descrilxnl in the catalogues of the manufac- 
turers. For such purposes a simple microscope is indispensa- 
ble, though when we come to esttmin** the results of our work, 
(dissections, etc.) a good compound microscox'ie is equally 
necessary. 

Attempts have been made to combine theeo two forms of the 
microscope in one instrument, and with considerable success, 
w for as increasing our power to examine our work as it pro- 
gresses is concerned. This is accomplished by so arranging 
the simple microscope that a compound body with its eye- 
piece may be slipped on or off, as required. And by using a 
single concave lens as an eye-piece, we can secure considerable 
Magnifying power and great working distance, while at the 
fcflie time the object is seen erect and not inverted, as when 
the ordinary compound body is used. This form is called the 
"Brucke* Loupe" — and is too little known in this country. 
But no sack makeshift can take the place of a good compound 
microscope, although it may form a useful and convenient ad- 
dition to the student's outfit. 

The selection of a compound microscope will frequently be 
determined, not only by tho wants, but by the means of the 
purchaser. To those who are obliged to put up with a cheap 
microscope, the only advice that we can give is to get the best 
they can for the money, and as newer and better microscopes 
are constantly coming into market, the best thing the student 
can do is to procure the latest catalogues of the different 
dealers, and examine and compare what th MTer. 

There is no microscope in market to-day that "v 

be excelled by something better in less tbi 
from this time. 
To those whose means enable Ihem to piotf 
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The study of the diatoms, in so far as their structure is con- 
cerned, confessedly requires microscopes and objectives of the 
very highest class. And yet we have been told by a gentleman, 
▼hose name deservedly stands very high in connection -with the 
study of these interesting objects, that for the determination of 
species, and for most other points which he has studied, he has 
used a good non-adjusting quarter, on a simple stand, and that 
it is but seldom that he has recourse to l>etter objectives, of 
which, however, he has a full series by the most eminent 
makers. 

By the term " ordinary work," then, we may very properly 
designate ail snch examinations as lead us over ground that is 
well known, while no work that involves the examination of 
unfamiliar structures or the investigation of unknown processes, 
can be so called. But of all the work that is done with the mi- 
croscope, four-fifths (including the work of the physician) is 
"ordinary work." 

To those, therefore, who have abundant means at their 
command, we would by all means recommend the pur- 
chase of two microscopes — always, of course, getting the cheap 
one first. If, during the course of their " apprenticeship," this 
cheap instrument should get injured, the loss will not be very 
great, and by the time the student has learned to use the cheap 
instrument, he will have acquired intelligent views- as to his 
special needs in the matter of a more complete one, and will 
not be dependent upon the advice of any one. 

To those who cannot afford two microscopes, wo would 
strongly recommend as a stand, one of the New American 
Models, previously described. If we except a few special de- 
partments, such as goniometry , etc. , these stands are equal to 
all demands, and will do justice to any objectives or accessories, 
while at the same time they arc sufficiently compact and handy 
to allow of the convenient and rapid accomplishment of all 
kinds of simple work. 

To those who cannot afford one of these stands, the only 
advice we can offer is to get the best they can for the amount of 
money they have to spend. 

It would be impossible to give anything ^cial 

eases in which the different styles of micr <$t 



useful : the render whoso attention is called to tliis point n-iii 
have little difficulty in deciding the question for himself. Wc 
merely give the general rule, thai where disse etions of plant* 
nod animals are to be carried on, a simple microscope shoulJ 
in general be chosen, while the compound microscope fur- 
nished with good objectives, is indispensable whenever high 
powers are required for the examination of objects. 

Having decided upon the kind of microscope that is ru'e.lti}. 
the nest step is to determine the individual quality of the dif- 
ferent instruments that may be offered to us. To do tlas 
thoroughly, it will in every case be found a good plan to take 
up, point by point, all those elements that are necessary or desir- 
able in a microscope, and in this way subject the instrument 
to the most careful scrutiny. Unless a microscope is made 
specially to order, it will be diflicult to find one that will com- 
bine all desirable features, but the plan we suggest certainly 
enables ns to decide most readily and accurately as to the pres- 
ence orubseuo' of those points which are desirable for our 1 
poses. The following are the chief points that 
tiou: 

Magnifying Power.— "We place this first, because uj 
the first question in regard to a microscope that is asked by be- 
ginners is, "What is its magnifying power?" Now magnifyiBg 
power, although unimportant element, is after all but a secondary 
co 11 side ration. A microscope magnifying a thousand diame- 
ter* could easily be made and sold at a profit for five dollars, 
and a few cents expended in paper and paste will at any time 
double, or even treble, the magnifying power of an ordinary 
iioiiipoiiiid instrument. The proper question is not how mucb 
duiM a microscope magnify, but bow much will it show. A 

[Illfyiug power of one hundred diameters, obtained by the 

nun of lind-dims objectives, will enable us to see more of the 

trim ntfiii'tiirii of an object than could be reached by aniagui- 

■ i id live hundred, the lenses in the latter case being 

i mi. i n .i quality. But, although not the first con si deration, 

I ... mi i in t'niNnviif .si ill lei i nt importance todeserva 

ii'i ml mill without a knowledge of the powers 

■ .. Iiln mi ill. > in which they are expressed, the beghi- 
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nerwill often encounter difficulty. Both these points "being es- 
sential, therefore, before discussing the magnifying powers 
best suited to different purposes, it may be well to say a word in 
regard to the mode in which magnifying power is always ex- 
pressed by scientific men. 

When we look at a small object through a microscope, and 
see it magnified to twice its length, it is evident that its breadth 
is also magnified twice, and consequently its surface, no matter 
what the shape may be, is magnified four times. It might also 
be said that as we only take cognizance of bodies having a sen- 
sible thickness, this thickness must be magnified twice, and 
therefore the object is magnified twice four, or eight times. The 
latter, however, is a view which is never insisted upon, and 
even those who claim the most for their microscopes, never do 
more than express the magnifying power in surfaces. Scien- 
tific men are, however, agreed that to express a magnifying 
power in surfaces is to convey a wrong impression in regard 
to the assistance rendered by the instrument to the natural 
vision, for a careful study of the physiology of vision, teaches us 
that our power to appreciate and distinguish the features of 
any object depends upon the distances to which the characteris- 
tic points of that object are separated, and this can be meas- 
ured only by linear, and not by superficial units. There are 
other considerations which lead to the same conclusion, but 
for the beginner it is sufficient to know that all scientific mi- 
crosoopists are agreed that when the magnifying power of a 
microscope is stated, it shall be stated in diameters, and not in 
areas. By common consent, then, ten times means ten diame- 
ters. And yet it is a very common thing for charlatans, and 
those who wish to deceive the public, to say that a microscope 
sold by them magnifies ten thousand times, or one hundred di- 
ameters, and as " ten thousand times " is much more readily 
appreciated by the popular mind than "one hundred, diame- 
ters," the majority of those who read such statements suppose 
that they will be enabled to see ten thousand times more than 
they could see with the naked eye, which assuredly is not the 
ease. In some instances these advertisers do not even state 
the diameters. We have now before us, clipped from a journal 
of deservedly good reputation, an advertisment which reads as 



follows, omitting what printers call the "display" arn 
of the words: " Microscopes constructed on scientific principles 
magnifying 10,000 times." Tile microscope in question, as we 
learned by personal examination, gives a magnifying power of 
about one hundred ilia meters. Carpenter speaking upon this 
point says: " The xu/iwjk-iirf magnifying power ia of course es- 
timated by squaring the linear ; but this mode of statement is 
never adopted by scientific observers, although often em- 
ployed to excite popular admiration, or attract customers, bj 
those whose interest is concerned in doing so." We would, 
therefore, advise our readers to look with suspicion upon any 
concern advertising in this manner. Of.course au advertisement 
claiming a magnifying power of " 10,00(1 areat or 100 tfcVime- 
(ers " ia unoljji'i'tiniiiil'li', Iwiiusi! both expressions are placed 
upon an equal footing. It must also be borne in mind that 
great though unintentional mistakes are often made by dealers 
in stating the power of the microscopes they offer for sale. 

Not long ago a friend told us that he had ' n offered a. small 

microscope having a magnifying power of 500 diameters, for 
a moderate sum. We called to see it, taking the precaution to 
put a micrometer and a foot rule in our pocket. By actual 
measurement the highest magnifying power of this microscope 
was 45 diameters 1 Another instance occurs in the catalogue 
of a well-known and honorable business house, who offer a 
very neat and well made instrument, whose magnifying power 
is claimed to be 350 diameters. Careful measurement of several 
instruments, however, gave au average power of less than 200 
diameters! Indeed it will in general be found that the magni- 
fying power stated by dealers who do not devote their chief at- 
tention to microscopes, is greatly over estimated. 

So much, then, being clearly understood in each case, the 
Question naturally arises, What should be tin 1 magnifying powers 

d.by microscopes intended for certain specified purposes? 
.t a certain magnifying power is necessary, no matter what 

Jity of the It uses may be, is (rue beyond a doubt. 

r example, suppose we wish to see the lines on the 

. it. which lines are about the one fifty- 

apart; what magnifying power would 
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With the best illumination, the average human eye can just 
deufy distinguish lines which are the two-hundredth of an inch 
apart Some eyes, under favorable circumstances, can see 
lines placed as close together as 250 to the inch, but the aver- 
age is as we have stated.* To be visible even to the best eyes, 
therefore, the lines on the Angulatum, must be magnified so 
that they will present the same appearance as linos spaced so as 
to give at the very most, say, 200 to the inch. This requires a 
magnifying power of 250 diameters, and with less than this 
they cannot be seen, no matter how good the objective may be. 
And when Dr. Frey says that they can be seen with a power of 
80 or 100 times, while "weaker objectives, magnifying 40 or 50 
tunes, should show something of the lines," ho makes a state- 
ment that we cannot accept. 

In order, therefore, that an object may be distinctly seen, it 

most be magnified to a certain extent, but the magnifying 

power absolutely necessary in any given ease, will also depend 

upon whether the microscope is to be used for general purposes 

of investigation, or merely for the recognition of known forms. 

For the latter purpose a power of 100 may be sufficient, while 

for the former, on the same class of objects, a power of 500 

would be thie least that would be serviceable. The following 

are a few of the cases in which the power required can be stated 

approximately: 

For medical purposes (except for pocket instruments, intended 
merely to enable the observer to recognize known forms) a 
power of 400 is needed, and the objective should be of really 
excellent quality. 

Students of histology require a microscope with a wider 
range of power. Low powers are more useful to them than 
to the medical man, and if they push their researches in cer- 
tain directions, there is no limit to the magnifying power needed. 

♦To test the statement in the text, place a glass micrometer, ruled 200 
lines to the inch, on the stage of a microscope, and by means of the 
mirror throw a beam of light upon it, just as if for examination by trans- 
mitted light in the usual way. If we now look at the lines, not throu&rh 
the tube, but simply from one side, they will appear distinctly as * 
fined Hue*. Try the same with a micrometer ruled 250 to the inc 
eyes will be able to distinguish the lines, but very many will fail 
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A good two-third, one-fifth, and one-tenth, giving magnifying 
powers of from 50 to 1000 diameters, will, in general, answer 
most require ments. It must be borne in mind, however, that 
beginners can hardly be expected to use a one- tenth inch objec- 
tive to great advantage, and, therefore, the purchase of this 
item may safely he deterred. 

For the study of liotuny, and the ordinary facta of vegetable 
physiology, a power of 300 is sufficient; but the very minute 
forms of vegetable life require a much higher power, and so 
do certain of the higher points in the physiology of plants. 

For the detection of adulteration, Hassal recommends the 
inch and the qn&rter-inch objectives, giving a magnifying power 
with No. 1 and No. 2 eye-pieees, of from 00 to iloO diameters. 
For ordinary purposes of instruction and amusement in the 
household, a microscope niuguifying from 30 to 100 diameters 
will be found most satisfactory, and for these reasons: Such an 
instrument is easily managed; if well made it gives a power 
amply sufficient for all ordinary objects, and it need not be ex- 
pensive. Moreover, while it is an easy matter to prepare ob- 
jects so that they maybe seen siitiNfaelorily under low and me- 
dium powiT.s, it, t-i-rjiiuvs great skill iuid long practice to enable 
the student to prepare objects so that they may be examined 
with profit under a high power. And finally, under a high power, 
but a very small portion of any ordinary object can be seon at 
once, and consequently many of those things that are best 
suited for popular examination can only be soon piecemeal — 
a very unsatisfactory ninde of proceeding. Thus, under a power 
of 750 diameters, a fly's foot eouhl not possibly be seen as a whole; 
we might examine a single claw or pad at a time, but not the 
whole foot, and consequently would lind great difficulty in ae- 
,nidea of what the general structure of the foot is. 
he reader clearer ideas upon thiH point, we have just 
L the diameters of the fields seen under French and 
olives, with the following results: With a magni- 
■iv. if' <>S *i"> diameters, the fluid is about a quarter of an 
- 50 diameters, it is one-eighth of an inch; with 100 
^le-sixtuentU of an inch; with 000 diameters, one- 
noh; and with 1000 diameters, the one-hundred- 
, Bpnce which is ordinarily invisible 
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to the naked eye. Consequently, when these high powers are 
used, it becomes very difficult for beginners to place the object 
properly under the microscope, for, as will be readily seen, unless 
it is adjusted with a variation less than the one-hundred-and- 
fiftieth of an inch, it cannot be seen at all. 

The lowest powers that will show satisfactorily certain well- 
inown objects, are about as follows: The scales, or so-called 
feathers on the wings of most butterflies car *>e very well seen 
with a power of 25 diameters; under the same power, the eye 
of a fly shows very distinctly the several smaller eyes, or ocelli, 
of which it is composed; the individual corpuscles or globules 
of the frog's blood can be distinguished with a power of about 
35 diameters, human blood requiring 40 to 50; to show dis- 
tinctly the form, etc., of these same corpuscles requires a power 
of 200 and upwards. The same may be said of starch granules. 
Human hair and wool may be seen very satisfactorily under a 
power of 100 diameters, the former appealing like a cord, 
a quarter of an inch thick. In order to show the peculiar char- 
acteristics of these fibres, however, the lenses must be good. 
Cotton and flax can be readily distinguished under a power of 
80 diameters. 

A question very frequently asked in regard to cheap micro- 
scopes is, Will they show the animalcules in water? And in 
almost all the advertisements of cheap microscopes, we are told 
that they will do this. Now, good well water does not contain 
animalcules that can be seen with ordinary microscopes. It 
is only in stagnant water that they are found, and many of 
them can be seen with the naked eye, without the use of any 
microscope whatever. Others require the use of microscopes 
having powers a hundred fold greater than that of the best 
microscopes in ordinary use. It is evident, therefore, that 
such statements are worthless as affording any indication of 
the character of a microscope. A microscope magnifying fif- 
teen to twenty diameters will show objects that are perfectly 
invisible to the naked eye, and with fifty diameters, provided 
the definition is good, we can obtain a very interesting view of 
many of the most beautiful objects described in the books, and 
sometimes called animalcules, such as the Volv* * the 

larger Vorticelli, etc., etc. 
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The Stand. —This should be firm and substantial, w 
centre of gravity very low. Nothing detracts so much from th 
performance of an objective aHtremornnd vibration, andal 
majority of the microscopes in market are very shaky, from th 
fact that they are made tall and showy in order to command » 
higher price. It is well, therefore, to bear in mind that sire » 
no criterion of the value of a microscope. Instrument m 
very properly give the size of their instruments, and it genen 
happens that the largfst instruments by the same maker U 
the highest prices. Other things being equal, however, si 
compact instruments are altogether to be preferred, 
years ago the rage was for large, showy microscopes, wind 
made a fine appearance in the office of the physician, and ft 6 
study of the naturalist. It was found, however, that in this 
case efficiency was sacrificed to show, and all our best makers 
are now cutting down the sizes of their instrument*, and making 
them steady, substantial, durable and easily operated. 

There is, of course, a limit to the extent to which stands may 
be reduced in size without sacrificing their efficiency, and same 
makers seem to forget this. There are stands in market that 
are too small every way for anything but special classes of 
work. The bodies are too small to secure efficiency in the eye- 
pieces and objectives; the stage is too small to allow of the use 
of slides of proper size, and there is no room beneath the stage 
for the attachment of proper illuminating apparatus. All this 
is as inconvenient as the three-feet-high microscopes of the e: 
of the last century. 

The weight of the stand is a subject concerning which n 
seem to differ in opinion. One writer goes sc 
no stand weighing less thau fifteen pounds can be steady enough 
for the performance of good work. It will be found, however, 
that a judicious distribution of the material, and a proper con- 
lOtion of the different parts, will more effectually resist the 
1 sources of unsteadiness than any increase of absolute 
V course, if it is merely desired to make the micro- 
lie sense that an inkstand is steady — that is, 
i over — weight is everything. But the 
difficult to tip over are not those that 
«ctly. For the latter a tripod with a 
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Bttatt area of support is best; for the former a stand with a flat 
base resting over its whole surface on the table should be pre- 
ferred. 

It is obvious that the causes of unsteadiness are either vibra- 
tions transmitted from the floor, or movements caused by the 
hand in performing the necessary manipulations and adjust- 
ments. The first can never be stopped by weight, unless, 
indeed, we make the stand so heavy that its weight will impart 
rigidity to the table and floor, and this would require a good 
deal more .than fifteen pounds, or even twice that For the 
checking of vibrations transmitted from the floor, no device is 
better than the stand or table described in a subsequent sec- 
tion. So far as movements transmitted by the hand are con- 
cerned, if a stand of three or four pounds will not resist them, 
the observer should set himself about learning delicacy of 
movement before he proceeds any further. 

All microscopes made in this country and in England are 
now constructed so that the body may be inclined to any angle, 
thus giving the power of using the microscope in any position 
—vertical, inclined or horizontal. The importance of this is 
easily seen when we consider that on the one hand, when liquids 
are to be examined, it is sometimes necessary, or at least desira- 
ble to Hse the microscope in a vertical position, though this is 
a very tiresome and inconvenient position, and one that is not 
calculated to enable the observer to obtain the best possible re- 
sults; and on the other, it is equally necessary that the body of 
the microscope should be capable of assuming the horizon- 
tal position when the camera lucida is to be employed for 
making drawings, as will be hereafter explained. And yet 
Frey actually gives the preference to microscopes that do not 
incline, and which must always be used in a vertical position ! 
This, of course, necessitates the complicated and expensive ar- 
rangement which he describes for adapting the camera lucida to 
the vertical instrument, a singular instance of prejudice against 
an obvious and successful improvement. 

The Stage.— In every case, a large, roomy i *>e 

utmost importance. One great objection to x 



of view, while Fig. 23 shows the hap-bazard way in v 
animations ore usually made, abundant room being left (** 
Bhown by the small crosses) for the escape of important fea- 
tures. Now, with ordinary clips, it is difficult to effect tIU4 








Pig. 22. Fig. S3, 

although it may bo done by the aid of a plate of metal or vul- 
canite, a little thicker than the glass object -Blide, and having a 
straight edge. The forward movement is made by pushing the 
vulcanite plate, while by sliding the object along the edge of 
this plate, wo are enabled to examine a narrow strip, the width 
of the field of view, as shown in Pig. 22. A somewhat similar 
device is shown on the stage of Zentmayer's Histological Micro- 
scope, Plato VI. When slightly modified, this device also 
serves as a guide for the Maltwood finder. 

In the simpler forms of tho stage, the object is held in place 
by spring clips, which press it down, and under which it is 
moved. These clips are frequently screwed to the stage, which 
is & great mistake, as we are thus prevented from slipping them 
off, so as to leave tho stage entirely clear. They should always 
be held in such « way that Ihey may be instantly removed, and 
they should also be very thin and springy, otherwise it is im- 
possible to move the object with sufficient delicacy. 

The no-called glass stage, or Zentmnjer. stage, has come into 

extensi'.v use, and is very much liked by seme. As made by 

itmayer, it consists of a plate of glass, held against a brass 

means of a spring, which is pointed with ivory. 

p. glass plate upon its metal support is thus 

nay be either bo reduced Unit the plate will 

touch, or it may he so firmly clamjMid 

Table. 




OP THE MICROSCOPE. Ill 

le forms Che glass plate is stationary, and the object- 
aoyee over it, the points of contact being very small. 
Lags is seen in the microscope figured in Plate IL 

IrfBg Sta|e. — It is often desirable to rotate an 
the optic axis of the microscope, either for the pur- 
measuriug angles or changing the direction of the 
ton in regard to the object. Means for effecting this 
set accuracy ha ve been appliod both to the mechanical 
the glass stage, though the latter is generally ho con- 
hat rotation is impossible. In the large Boss stand (PL 
ige rotates, and is graduated for measuring angles. 
hot has devised a special form of the glass stage, in 
ovision is made for rotating it. In this form of the 
stage the object-carrier, F, is 
held to the gloss plate, E, by 
means of two springs with ivory 
points, the springs being at- 
tached to the frame in which 
the glass plate, E, is set. Both 
the plate, E, and the object- 
carrier rotate in a light brass 
frame. In all these coses an 
attempt is made to secure coin- 
fig' M - cidence of the centre of rota- 
tion with the optic axis of the 
it. It will, however, be found that it is an impossi- 
.ttain this object with any great degree of accuracy 
ovision is mode for occasionally adjusting the centre 
n of the stage. No stage that ever was mode will re- 
vny length of time so true that angles can be correctly 
by it, and therefore several devices have been sug- 
: securing accuracy without adjusting the stage, since 
1-made an adjustable stage is expensive, and when 
wle it is worthless. 

ft known of these devices is what is called the center- 
piece. This is a kind of adapter which is screwed on 
and receives the objective. It is provided with 
gements, and the objective having been sen 
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importance that both polarizer and analyzer should be kept 
stationary, while the object itself rotates between them. 

The stage attached to the New Working Microscope of Mr. 
George Wale, and shown separately in Fig. 25, has a novel 
device for rotating the object. In this case the clips movo 
round the stage. As ordinarily constructed they do not carry the 
object with them, but it would be easy to effect this by making 
each clip double, and clasping the object between the two clips. 

The little diatom stage devised by the author, and described 
and figured in a subsequent paragraph, also affords very simple 
and convenient means for rotating many kinds of objects. 

Stages for Special Purposes.— It may be safely asserted 
that there has never yet been constructed a stage which would 
suit the requirements of every worker with the microscope. 
Indeed, each investigator seems to require special modifications 
of his own. Thus, it will be found that the ordinary stage, 
with all its appurtenances, is too thick to admit the use of that 
very oblique illumination which is required by the worker on 
diatoms, while if the stage be inade thin enough it loses the 
necessary rigidity. Some makers have sought to obviate this 
ty supplying two stages — a stout one for common work, and a 
thin one for diatoms. A microscope now in our possession is 
furnished with an extra thin stage, which, by a very simple 
and ingenious device, can be instantly substituted for the heavy 
°ne. The microscope is said to have been made by Spencer or 
Tolles, and must be over twenty years old. Thin stages, on 
the same principle., called Diatom Stages, have been recently 
introduced by several makers, thus affording another illustra- 
tion of the aphorism that history repeats itself. 

The same object is also attained by means of the secondary 
8 toge, invented by Mr. Lewis Rutherford. This is simply a 
skeleton stage, which is placed on the ordinary stage, and is 
ra ised so far above it that the illumination may be applied 
between them. Rays of great obliquity may thus be passed 
through the object. Rutherford's skeleton stage forms also an 
a^hnirable safety stage, since the object, being held against the 
wwfer side f the skeleton stage, yields to the slightest pressure 
of the objective. Mr. Spencer has also taken advantage of this 
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It forms a prominent feature in the New American Model, as 
well as in all first-class microscopes. 

In its simplest form it consists simply of a short tube or ring, 
which is attached to the under side of the stage, and is fitted to 
receive polarizers, paraboloids, condensers, etc. It should be 
made removable, so that it may offer no obstacle to the employ- 
ment of the most oblique illumination. 

In the New American Model it is attached to a swinging arm, 
so that the illuminating apparatus, which it carries, may be 
placed at any angle with the optic axis of the microscope. 

When a mere ring is used for receiving the accessory pieces 
of apparatus, the latter are adjusted by simply pushing them 
up or down, but a much better plan is to have the ring itself 
moveable, as is the case in the instruments shown in Plates III, 
IV, V, and VI. The accessory is then placed in the ring, and 
the latter may be slid up or down the carrying bar, so as to 
allow of proper adjustment. A still better plan is that shown 
in Plate I, where the distance of the sub-stage from the stage 
may be adjusted by means of a rack and pinion. 

In any case the sub-stage itself, or the apparatus which it 
carries, should have facilities for accurately centering the 
various pieces of illuminating apparatus. 

The Mirror.— The mirrors employed for illuminating 
microscopic objects are either plane or concave, and in the 
better class of instruments both kinds are provided, while the 
cheaper forms of the microscope have only the concave mirror. 
The plane mirror reflects the light just as it falls on it — that is 
to say, divergent rays (as from a lamp) remain divergent after 
reflection, and parallel rays (as sunlight or rays from the bull's- 
eye condenser) remain parallel. The concave mirror, on the 
other hand, causes parallel rays to converge and meet at a point, 
"while other rays are rendered either less divergent, parallel or 
convergent, as the case may be. It is very important that the sur- 
face of the mirror should be accurately formed, and therefore in 
■H good microscopes they are made of glass, which has been 
accurately ground and polished. Blown or '11 not 

answer. And as the quality and quantity of tjy 

affected bj the reflecting surface, the beat m 
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with pure silver, instead oE with tho amalgan 
mercury, ordinarily used. The minor should he ri 
it may throw a lieam or great obliquity through the object, 
many cases thin is absolutely necessary, niul even for oi'd«W*T 
work it is of great advantage, since it not only enables »s ^° 
resolve lineil objects, but to secure important changes in. tlx 
illumination of common objects. A very fair dark grniinu 
illumination may be secured if tho light ia bo oblique that nOflfl 
of it can enter the object-glass directly. 

The minor should not only be hung so as to swing to fl-Hj 
angle, but it should be movable on the mirror-bar so that tin* 
rays which it reflects may be brought oxactlr to a focus on tUa 
object. This is done by sliding the mirror out or in, according 
ns the rays are mote or less divergent. 

The concave mirror should be large, ho that it may collect 
plenty of light. The plane mirror may be small without much 
loss. The concave mirror is frequently used for the illumina- 
tion of opaque objects, as when large it concentrate*! the light 
very strongly. For this purpose it is either mounted on ft 
separate stand, or the mirror-bar is so hung that it may he 
turned up over the stage, so as to reflect the light down upon 
, the object. 

The Body.— The only points connected with the body of 
the microscope which require consideration live its diameter and 
its length, and these must of necessity vary so much according 
to the purposes to which the microscope is to lie applied, that 
no rule can bo laid down. Pocket microscopic are of necessity 
email j/ microscopes intended for use with objectives of low 
power ami lai'£« angles, must have a large diameter. And since 
the distance of the eye- piece from Uii> objective iift'ects the cor- 
rection of the latter, it lias been found necessary to adopt a 
Jidard length of body. This has been fixed at ten inches in 
country and in England. On the continent of Europe, 
dies is the length that has been adopted, and most of 
tal objectives are corrected for this length of body, 
large enough to take the new broad- gauge screw, 
Mot of very great importance in bodies of 
1 1 I '.Male tells us that in his long tubes, in- 
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tended to produce gi-cat magnifying power, a diameter of two 
to two-and-a-half inches was fonnd to Iks absolutely necessary 
'to prevent the glare arising from internal reflection. An inch 
and a quarter is a good size for ordinary instruments. Since a 
Tery long body is inconvenient when the microscope is used in 
& vertical position, the best instruments are furnished with a 

Draw-Tube, whereby the length of the body may be 
varied at pleasure. As explained in a former paragraph (page 
20), when the distance between the eye-piece and the object- 
glass is increased, the magnifying power is increased also. 
The draw-tube, therefore, gives us the means of varying and 
adjusting the magnifying power of the microscope, and this is 
sometimes of great use. Thus, suppose it wit* 1 required to 
draw an object to a scale magnified exactly one hundred diame- 
ters; it might be impossible to procure an eye-piece and an 
objective that, with a fixed length of body, would give exactly 
this amplification, but when wo are able to vary the magnify- 
ing power by changing the length of the body, it is easy to get 
at it exactly. This, however, is but one of many advantages 
afforded by the draw-tube. If the objective be good, and the 
eye-piece not very high, an easy and very satisfactory way to 
increase the magnifying power of the microscope is to lengthen 
the body by means of an additional tube, which may even be made 
of smooth paper. But it must bo borne in mind that any change 
in the distance between the eye-piece and the objective affects 
the corrections of the latter, just as a change in the thickness 
of the covering glass would do. Consequently, unless the ob- 
jective has a considerable range of correction, it may bo impos- 
sible to get good results when a very long draw-tube is used. 
On the other hand, the draw-tube may be used to good ad- 
vantage as a means of correcting for covering glass when non- 
adjusting objectives are used. We have a one-fifth objective 
now before us, with which we can see clearly the lines on th 
P. angukiium on the balsam Probe Platte when the draw-tut 
is out, but when the tnl>e is pushed in, the view is foggy ar 
indistinct. This is due to a disturbance of the corrections. 

The insides of all draw-tubes and bodies should 
blackened. When bright or white the glare greatly • 




g power. When draw-tubes or long eye-pieces are bo 
arranged that they nib against the inside of the tube in ■which 
they are inserted, they invariably make the latter bright by 
friction. They should, therefore, always slide in a collar. 
| - It is always well to have the lover end of the draw-tube fur- 
nished with the Society screw, as by this means it is sometimes 
possible to use objectives of frivator working distance than 
could otherwise be employed, and this arrangement also affords 
facilifies for the use of amplifiers, erectors, etc 

Ail Mi-t me ii I s for Focus sing. In the cheaper forma of 
the microscope the adjustment is niu.de directly by hand, one 
tube sliding withiu another. In a better class of instruments 
the objective is brought nearly into position by sliding the 
body through an outer tube, and then the final adjustment in 
made by means of a screw or other mechanical means. But in 
all the best microscopes, the coarse adjustment, as it is called, 
is made by means of a rack and pinion, while the fine adjust- 
ment is made in the manner just mentioned. Instead of a rack 
and pinion, a chain is sometimes employed, and the coarse 
adjustment is also made in some cases by screws of very wide 
pitch, and similar devices. Nothing, however, can equal a 
smoothly cut and well- (it ted rack and pinion. It is sometimes 
alleged that the chain is more delicate, but this is not so. We 
have now in our possession a cheap, but well made microscope, 
the rack and pinion of which is so delicate, that with it we can 
focus an objective of an eighth of an inch focal distance with 
sufficient accuracy for all ordinary purposes. 

For ordinary purposes, especially the work of the physician 
and medical student, the course adjustment may be more easily 
dispensed with than the fine one, but at the same time it must 
be remembered that any mode of adjustment in which the body 
is liable to turn round, is incompatible with the use of many 
rtant pieceH of apparatus. Thus, for example, any turn- 
the body interferes with the use of the double nose- 
'olariscope in its higher appii cut ions, Prof. Smith's 
iiifor, etc. A rack and pinion, or its equivalent, 
ilwuya be chosen, especially as it does do! 
r six dollars to the cost of the instrument. 
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Of devices for fine movements the name is legion. An old 
plan is to place the object upon a plate- attached to the stage, 
and move it towards the objective by means of a fine screw. 
This is a cheap and convenient method. It has been objected 
to it that the object is "tilted," as it were, bnt this is imper- 
ceptible in practice, and canses no difficulty. The objection 
is. that when the object moves, many of the finer methods of 
illumination are disturbed. Another common plan is to make 
the nose-piece, which holds the objective, movable. This alters 
the length of the body, and changes the magnifying power 
every time a change is made in the focal adjustment. This 
change is too slight to be observable, bnt it is sufficient to inter- 
fere with delicate micrometric measurements.* 

To avoid this difficulty, the entire body and its attachments, 
including the coarse movement, are carried by the fine adjust- 
ment. In its general features, this plan is a very old one, and 
at least a dozen modifications of it have been devised by dif- 
ferent makers. As usually constructed, the body is raised by 
means of a lever, the long arm of which is acted upon by a 
delicate screw. A strong spring is arranged to lower the body, 
and as the spring maintains a continuous action, all lost motion 
is prevented. In the fine motion used by the Bausch & Lomb 
Optical Co., and which was invented by Mr. Gundlach, the body 
is suspended on two parallel springs, slides on carefully planed 
ways, and is moved by a fine screw. 

Objectives of large aperture are so sensitive to slight varia- 
tions in focal adjustment, that it is difficult to get a fine adjust- 
ment sufficiently delicate. Mr. Gundlach has recently at- 
tempted to increase this delicacy by using the well-known dif- 
ferential screw, and with very satisfactory results. 

In judging of the quality of either a fine or coarse adjustment, 
the points to be observed are the delicacy and accuracy with 
which the objective may be moved to and from the stage, and 

* It has been alleged that this increase or decrease of magnifying power 
is more apparent with the liigher powers than with the lower powers. 
Indeed, it has been said that with high powers the change of magnifying 
power is quite perceptible. This, of course, is mere imagination, as any 
one of an arithmetical turn of mind can see. Indeed, the facts would 
seem to be rather the other way. 
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the freedom from twist or apparent displacement of the object. 
In many microscopes, when a liigli power is used, and the 
body is moved up or down for the purpose of adjusting the 
focus, the object ia actually thrown out of tho field of view. 
Such a microscope should be at once condemned. 

Whatever be the nature of the fine or coarse adjustment, see 
that the body has sufficient range of motion to allow of the use 
of objectives of considerable working distance, 

Tbe Diaphragm.- Nothing tends so much to obscure our 
view of the filter points of structure in any object aa to have 
them "drowned " in a superabundance of light, consequently 
iu order to regulate the amount of light which passes through 
the object, a diaphragm ia employed. As ordinarily con- 
structed, it ia simply a metal plate placed below the stage, and 
pierced with holes of various sizes, which may be brought ex- 
actly under the field of view, the small botes allowing but a 
small amount of fight to pass, while the large ones admit a full 
stream. Considerable difference of opinion exists amongst 
microscopisis in regard to the proper position of the dia- 
phragm. , Thus Carpenter aaye (page 133) that unlesa placed 
half an inch below the object it is comparatively inoperative. 
Continental hiatologists, on the other hand, allege that it is 
listless unless placed close up under the object. Microscopes 
constructed according to both these plans are to be found in 
market. "Where the microscope ia furnished with a sub-stage, 
the distance of the diaphragm from the object is variable at will. 
It iH obvious that when the diaphragm is placed at a consid- 
erable distance below the object, the illumination is purified, 
;, from all cross rays. When the diaphragm is placed 
close to tho object-slide, the illuminated field is contracted. 
The action in this case, however, is somewhat complex, 
owing to the influence of the slide in modifying the course of 
i rays. 

■eral very ingenious forms of Iris or graduating dia- 

* have been devised, by which the size of the hole may 

I without interrupting the observation. They are 

convenient, and present advantages which more 

nice the coat. 
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Objectives.— These are confessedly the most important 
parts connected with the microscope; they therefore deserve 
the greatest care in their selection. In a former section, we 
folly explained the general characteristics of the different 
kinds of objectives in market, and detailed the best methods of 
of testing them. A careful study of that chapter will, we hope, 
enable the beginner to avoid a glass that is absolutely bad, 
though we must acknowledge that all experienced microscopists 
are agreed that no . amount of mere reading will enable a 
novice to pronounce a correct judgment upon the quality of an 
objective, unless its defects should be very glaring indeed. In 
this place we shall confine ourselves to a few hints in re- 
gard to those features which adapt objectives not only to 
special kinds of work, but to the skill of different classes of 
workers. For it is an undoubted fact that objectives which in 
the hands of skillful microscopists, and on certain classes of 
work, would give extraordinary results, would in other hands, 
and for other purposes, prove of far less value than lenses of 
what is commonly considered a greatly inferior grade. 

We do not here propose to take part in what is called the 
"battle of the object-glasses," such a discussion being out of 
place in an elementary work like the present, but we think few 
will be hardy enough to deny that one who has a taste for such 
things, but has neither the money required to purchase a first 
class glass, nor the time necessary to acquire the requisite skill 
to use it, had better work with a cheap French triplet than not 
work at all Moreover, it is astonishing how far patience, skill 
and experience will go to make up for a deficient instrument, 
while at the same time, it is unfortunately true that some who 
possess the very best glasses, and have done the most to 
throw ridicule upon all work done with inferior lenses, have 
never made a single contribution of the slightest importance 
to any department of microscopical science. 

In a former chapter we discussed at length the different 
qualities of object-glasses, and showed how these various quali- 
ties might exist in very different degrees in different ob- 
jectives. It is, of course, obvious that the extent to 
which any one quality should be sought in a particular 
glass, must depend altogether upon the kind of work that is 
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to be done. To those who aro addicted to what Holmes 
"fighting objectives," resolution will he the quality 
desired; others will prefer penetration, flatness of field, 
In our estimation, (or tho purposes of ordinary scientific 
we would assign to these qualities values in the folloi 
order; 1. Defining power; 2, Freedom from aberration 
form; 3-4. Resolution or Penetration; 5. Working distance; 
6. Achromatism; 7. Flatness of field. Tho first quality that should 
he secured in every lens is undoubtedly defining power, and this 
whether its angular aperture he high or low. Achromatism we 
place low in the scale, because unless so marked as to injure 
the definition, a little color does no harm. Flatness of field we 
place last, because it will be found that perfect flatness of field 
is very seldom combined with first rate definition. Indeed, we 
have heard one of tho most celebrated makers of objectives 
assert that the two qualities are to a certain extent antagonistic. 

In giving advice in regard to the selection of an objective, 
one of the points concerning which it is moat difficult to arrive 
at a decision, is that of angular aperture. Fortunately, however, 
experienced microscopic ts may safely be left to decide this ques- 
tion for them selves, and since those who have had no experience 
will find it difficult to use objectives of very wide aperture, it will 
certainly bo prudent for them to choose those of moderate angle. 
Objectives of very high angle are worthless, unless the illumina- 
tion is well managed, and the adjustment for thickness of cover 
properly regulated. On the other hand, a good n on -adjusting 
lens will give very fair results, with but a moderate amount of 
skill on the part of tho user. Almost all our best makers now 
produce objectives of moderate angle, which do not adjust for 
thickness of cover, but which have considerable resolving 
power. We have now before us n one-fifth which costa but fif- 
teen dollars, and which will easily resolve the Phurimytti't An- 
gulatum by central light. An important point for consideration 

11. of course, be, whether or not the glass is intended for 

alwork, or merely for the study or examination of well 

The work of the physician is chiefly amongst 

objects, and may be very satisfactorily accomplished 

ood non-adjusting objectives, a great point in 

r that work may be done with tl 




them 
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more rapidly than with glasses that require greater care and 
skill. The same is true of the elementary studies of the bot- 
anist and histologist, carried on under the guidance of a com- 
petent teacher. And as in all such cases it is easy to find out 
the special thickness of glass for which the object-glass has 
been corrected, and to provide a supply of the proper thickness, 
the absence of a means of adjustment for coyer thickness is not 
very important. But for all the higher class of studies, good 
glasses, with well-made adjustments for thickness of cover, are 
indispensable. * 

Objectives of very low angular aperture, are, however, to be 
carefully avoided. There is a want of light, and an indistinct- 
ness which renders them worthless. It is generally said that 
the superiority of large angles is most marked in the objectives 
of high power, and that for low powers the common objectives 
do very well. In our judgment, however, the superiority of 
the low powers is quite as marked as that of the higher ones, 
and much more available to the beginner. It is true that the 
superiority of a well' made one-sixth of high angle, over any 
triplet of whatever focal length, is immeasurable, but at the 
same time it is equally true that the view of an opaque object 
seen through an inch-and-a-half objective, carefully corrected, is 
as much superior to the same as seen through a common triplet, 
as it is possible to imagine. We have now before us a speci- 
men of bone of very open structure, mounted as an opaque 
object. Seen through a first class inch-and-a-half objective, it 
presents almost a stereoscopic appearance, and the entire struc- 
ture is easily made out. The view afforded by a very fair French 
triplet (No. 0) is so markedly inferior, that any person who 
should see the two would never again use a cheap objective, if 
he could afford to get a good one. Moreover, the objection 
which we have just urged against objectives of high power, and 

♦It is not long since a professional maker of microscopes, and one who 
seem* to stand high in the favor of the medical profession, tried to per* 
euade the author that the covering-glass exercised no influence on the 
action of the objective, and that a non-adjusting glass could be made 
with as great a resolving power, as one constructed so as to adjust for 
different thicknesses of covering glass 1 To such men, a famous mi' 
scopist used to apply the term " shopticians," and they deserve it. 
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wide angle, viz. , that they are difficult to use by novices, does 
not hold in the case of low powers. A good inch, of compara- 
tively high angle, is more easily used than a poor triplet. 

A question which has considerably occupied the attention of 
microscopists, is the value of objectives of high power, and their 
efficiency as compared with those of lower denominations. 
That in many cases considerable amplification or magnifying 
power is absolutely necessary, admits of no doubt; but the ques- 
tion to be settled is: suppose that we wish a power of 2,000 diame- 
ters, would it be better to get this by means of a tenth of an inch 
objective, magnifying 100 times, and a half inch eye-piece mag- 
fying 20 times, or by a twentieth of an inch objective magnify- 
ing 200 times, and an inch eye-piece magnifying ten times ? 

It is not very many years ago since one of our ablest Ameri- 
can objective makers held that a lens of a quarter of an inch 
focus might be made to do anything that a lens of any power 
could be made to do, and the ground of this opinion was that 
the individual lenses of objectives as low as a fourth, could be 
made so much more perfect than the smaller lenses of higher 
powers, that this perfection more than counterbalanced the 
greater magnifying power of the objective of shorter focus. 
The reasoning here seems sound and obvious, but it has been 
found in practice that for everything except resolution, the limit 
to which the power of objectives may be carried, is far beyond 
a fourth. For resolution it has, we believe, been found that a 
well made tenth is capable of doing anything that any lens can 
do; for other kinds of work sixteenths and twenty-fifths, and 
even fiftieths and eightieths have been declared to possess 
advantages that are obvious. This, however, is one of those 
points upon which authorities differ; Beale, for example, favors 
high powers; Carpenter and Frey seem inclined to think that 
very high powers show nothing that cannot be seen by means 
L, of objectives of greater focal length. 

r~ French objectives of the numbers 1, 2, 3 and 4, if carefully 

I selected, are capable of doing really serviceable work. A few 

f years ago, some of the best known makers of American micro- 

■oopes used nothing else, even in microscopes costing $150, but 

W§ course we can scarcely regard as judicious, for whenever 

Otoopist is prepared to expend $75 or more for a micro- 
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scope, a large part of this sum should be laid out in the pur- 
chase of objectives of the better class, the one-inch and one- 
fourth, or the three-fourths and one-fifth being those that are 
usually selected by beginners. 

French triplets are, however, going rapidly ont of use, from 
the fortunate circumstance that objectives of low price and 
excellent quality are now produced by several makers of repute. 
It is well, however, for the reader to be on his guard against 
a fraud which has been but too common of late years. Some 
so-called opticians go so far as to add a little brass- work and 
engraving, and sell these French triplets as objectives of Ameri- 
can make. We do not here refer to the mere operation of attach- 
ing the objective to an adapter, and fitting it in a brass box, for 
this adds greatly to the convenience with which such minute 
objectives may be handled and preserved, but to a sort of 
"making over, " by which they are completely disguised and 
made to resemble the objectives of English and American 
makers. It is hardly necessary to characterize such a pro- 
ceeding. 

Eye-Pieces.— The eye-piece that is at present almost uni- 
versally used is the Huyghenian, which, when well made, gives 
very excellent results. In the use of low powers, wheie a very 
flat and large field is desirable, the Huyghenian eye-piece fails, 
and the same is also true in regard to very high magnifying 
powers, where the enlargement is obtained in a great measure 
by means of the eye-piece. The extent to which the definition 
of really good objectives is deteriorated by the use of eye-pieces 
of great magnifying power, and the loss of light which they 
occasion, render them practically useless. For high powers, 
the solid eye-pieces of Mr. Tolles are vastly superior, while for 
low powers, where a large flat field is desired, Kelner's ortho- 
scopic eye-piece presents important advantages. 

Mr. Gundlach has recently brought out a new eye-piece, 
which he has named the periscopic, and for which a large field 
and excellent definition are claimed. They are much more ex- 
pensive than the Huyghenian. We have not had an oppor- 
tunity of examining them carefully. 

In determining the quality of an eye-piece, attention i 
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Eye-faeces intended far first-class objectrros should give a 
large field of view; but on iiie other band, if French objectives 
be used, the field of Tiew should be small, otherwise the defi- 
nition will be poor. This is a point that is frequently over- 
looked, and we have seen very fair object-glasses condemned 
as worthies* when used with a stand and eye-piece intended 
for objectives of an entirely different class. It is an easy thing 
to contract the field of view, by wiammi of a round piece of thin 
sheet metal, having a hole of proper size in the centre. As pre- 
viously explained, such a piece of metal is called a diaphragm, 
and should always be well blackened. 

The magnifying power of every microscope depends npon 
three things: The focal length of the objective, the length of 
the body, and the eye-piece. Most microscopes are, therefore, 
famished with several eye-pieces, whereby the magnifying 
power may be varied. There is, however, a limit to the extent 
to which this may be done. The image obtained by very deep 
•je-piwrw, as they are called, is rarely satisfactory. 

The different eye-pieces are generally denoted by letters— A, 

B. 0, 1>, etc. A being the lowest, and B, C, D, etc., successively 

el. Borne makers use numbers— 1, 2, 3, 4, etc. These 

■M number, are, however, entirely arbitary, in this point 
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resembling the numbers assigned to objectives by continental 
makers. A great improvement upon this arbitrary and uncer- 
tain system would be to assign to each eye-piece its proper 
power expressed in inches. Thus, an eye-piece magnifying tho 
same as a simple lens of two inches focus, should be called the 
two-inch eye-piece. 

And here let us call attention to the terms deep and shallow, as 
applied to eye-pieces. By all authors of repute, a deep eye- piece 
is one of great magnifying power, while a shallow eye-piece is the 
reverse. See the Micrographic Dictionary, and the works of Car- 
penter, Beale, Lardner, Frey , etc. , etc. It is, therefore, singu- 
lar that Dr. Lankester, in his popular little work, " Half-Hours 
with the Microscope," should have committed the mistake of 
giving definitions exactly the opposite, upon the ground 
that eye-pieces of great magnifying power are always short, 
while low eye-pieces are always long. It is evident, however, 
that the terms are liable to give rise to confusion, and we pre- 
fer the words high and low — the meaning of which is so ob- 
vious as to require no explanation, as every body knows what 
high magnifying power is 

While clearness of definition and resolving power are the 
most important qualities of every good microscope, magnifying 
power is also of considerable consequence, as explained in a 
former section. Therefore, every good microscope should be 
provided with at least one eye-jnece of considerable power. It 
often happens that with the objectives and eye-pieces at hand, 
tho amplification, as it is called, or, in other words, the extent to 
which the object is magnified, is not sufficiently great to enable 
us to make out its structure, while the objective has not by 
any means reached the limit of its defining power. In this 
case a high power eye-piece, which costs comparatively little, 
will greatly extend our power of successful examination. 

« ACCESSOEY APPAKATUS. 

Every microscope should be accompanied with certain pieces 
of accessory apparatus, which are necessary for the convenient 
and thorough examination of objects, but which do not form 
part of tho instrument itself. Some of these are i* * - *or 
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examine. To avoid this difficulty, the author, instead of insert- 
ing the pin of the forceps in the stage, provides a special for- 
ceps-carrier like that shown in Fig 27. This consists simply of 
a metal plate, the size of an ordinary slide, and having a hole in 
one end to receive the pin of the forceps. A large hole is 
pierced through the centre, to allow the passage of light from 
the mirror when that is needed. This plate is placed on the 
stage like a common slide, and it can be moved with as great 
delicacy as any ordinary object. The mode of using it is toe 
obvious to require further explanation. We have found it ex- 
ceedingly convenient. 

Object-Holder.— The importance of being able to present 
an object to the light in all directions is well-known to even/ 
microscopist. Many years ago we devised an object-holder for 
effecting this, the construction of which is very simple and in- 
expensive. It consists of a slip of metal, the size of an or 
dinary slide— three inches by one — having a hole in the centre 




Pig. 28. — OBJECT-IIOLDER. 

and a short pillar rising from one end, as shown in the en- 
graving, Fig. 28, which gives a sectional elevation of the 
instrument. Through this pillar runs a wire, carrying at one 
end a milled head by which it may be turned, and at the other 
a ring which holds a perforated block. This perforated block 
has a milled collar on the lower end, so that it can be readily 
turned in the ring that carries it. The hole passing through 
the block is just the size of a stout pin, so that a disk of card 
or leather, with a pin through it, will be held steadily when 
the pin is inserted in the hole. The object to be examined is 
attached to the surface of the card, by means of balsam or mu- 
cilage, and it is obvious that by the combined rotations that 
may be produced by the two milled heads mentioned, it may 
be exposed to the action of the light in any desired manner. 



Tin' dfemgM which are produced in some objects when I 
light fi iFiiulu to fiill on then in different directions are v 
luiirki'i]. Thus, for example, the mineral known ob sjmgh 
iron or«, when illuminated bj light falling on it 
iir., i | lu'illiiLiit in the extreme, while when the light falls i 
othnr A irnctio n« it i« dead and lustreless. And s 
always convenient to change the position of the lamp, it is 
gnat advantage to l«i able to turn the object round. The s. 
.I- SmMtcimM Jut described enables ns to do this perfectly. 

A more pMfHt arrangement, intended for the same pw 
I.. 1 1 bnan doviaod by Mr. Beck, of London. Mr. Beck's is, 
Iir iw-vi-r, more oxp<>nsivo than onrs. 

Plain Slide. Til.; common plain slides serve very well 
for examining ordinary deposits in liquids. Tins is particu- 
larly the ease where inanimate objects, vegetables and minerals 
aro to bo examined. Active animals require some contrivance 
for kooping them still. 

Tin ( itiKnve Slide, na it is called, is simply a thick 
slide with a cup-like hollow ground in the centre. Such slides 
are cheap, and very convenient. A drop of water placed in one 
of these concaves, and covered with a thin glass, may be exam- 
iued easily and thoroughly with moderate power. It is 
sometimes desirable to employ a cell with a perfectly flat bot- 
tom of vory thin glass. Such cells may be easily and conve- 
niently made out of a Blide of metal, or preferably of vulcanite, 
through which a hole the size of the proposed cell hi 
pierced. A piece of thin glaBS may then be cemented to the 
render side of the slide, so as to form a water-tight cap. 
hole in our slides is round, and has, on the under aide, a 
or rebate, a little larger than the hole itself. In this rebate 
round glass cover fits, so as to leave the under side of the slide 
perfectly smooth. Such cells are very convenient, as they are 
Ily cleaned, and are not difficult to repair when the thin 
■ gete broken. Tho liquid is also easily covered by means 
"ass cover, and when full, considerable inclination 
a to the slide before the liquid shows a tendency to 
irious other devices of a simple kind may be con- 
nicroecopist fur similar purposes. 
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Watch-Glasses.— Br. Bealo recommends small flat watch- 
glasses for holding liquids that ore to lie examined, and wo 
have fowid them very excellent. The best kind far this pur- 
pose are those known as liirieUe gtaatet, which are nearly flat on 
the bottom. They are awkward things to manipulate, how- 
ever, unless some means is provided for holding them steady, 
and moving them about on the stage. We use for this purpose 
a strip of wood, three inches long, and so wide that we can 
easily bore in it a hole, about one-eighth of an iuoh less in 
diameter than the watch-glass, of which the smallest size should 
be chosen. The thickness of the strip should be such that 
when laid on any flat surface, the watch-glass will not come in 
contact with it. Glasses held in this way are very convenient. 





Watch-glasses are very convenient for cxajnining a "dip "from 
a pond or stream, but for this purpose they require a holder. 
The little instrument shown in the cut is formed of three pieces 
of bright tin, which ore hinged together. In the upper piece 
is cut a hole just large enough to receive a watcli-glu 
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The Zoophyte Trough.— This little piece of apparatus 

s almost indispensable to those -who desire to watch the growth 

mil development of the larger animalcules and small aquatio 
plants. Several forms are in 
common use, the most com- 
plete being that shown in Fig. 
31. The trough itself is sim- 
ply a glass tank, to which is 
fitted a slip of thin plate glass 
that acts as a division, and 
enables the observer to keep 
the objects close up to the 
front plate. The distance of 
the dividing plate from the 
front plate is regulated by an 
ivory wedge, and the dividing 

plate is kept firmly up to its place by means of a spring. This 

contrivance enables us to regulate the thickness or width of the 

lank, so that the interior of the vessel may be made so large 

that it can be easily cleaned. 

A smaller and simpler form of the Zoophyte trough 

is shown in Fig. 32. It consists of a simple glass box, 

open at the top. The back 

of the box is formed of a 

gtoutish piece of plate glass, 

to which is cemented three 

glass strips, forming the 

bottom and ends. The front 

is formed of glass as thin as 

is compatible with durabil- 
ity, and is also cemented to 

the end pieces. The width 

of the trough from front to 

back is generally from an eighth to a quarter of aninoh. When 

the trough is filled with water, and living animals are placed in 

it, their changes and movements may be very readily watched. 
Small troughs, such as that just described, are not difficult 

to make, though the very low price at which they are sold (60 

cents to $1.00) renders it scarcely worth the while of ordinary 
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micros eopists to construct them for themselves. Where this is 
desirable, however, the best method of making them is as 
follows : Select a piece of plate glass, of the thickness of an 
ordinary slide, and cnt it about three inches by one and a qnnr- 
Then select another piece of glass, as tliick as the trough 
is to he deep (from front to back), and cut it to the size of the 
outside of the trough. From the bottom of this piece of glass 
cut a strip a quarter of an inch wide, and from the sides also 
cnt strips of the same width. The centre piece may now lie 
thrown aside, and the ends of the bottom strip will make a 
tight joint with the side strips. The three strips should then be 
cemented to the largo plate, and over them should !>e cemented 
a piece of the thin glass used for covers. The strongest cement 
is marine glue, but it is somewhat difficult to use by those 
who have had no experience. Prof. Starr, who is well known 
for his success in keeping and exhibiting living microscopic 
objects, uses old Canada balsam, and we have seen a large 
variety of microscopic animals and vegetables which had been 
kept for months in a healthy condition in snch troughs or 
cages. 

Walnasley's Zoophyte TrongU.— A serious objection 
to the troughs which we have just described is the difficulty of 
cleaning them, and of repairing them when broken. To avoid 
these difficulties, Mr. Walnisley has devised the little piece of 




Fig. 33.— zoofhtte iBocoa. 

apparatus shown in Fig. 33. This trough consists of two glass 
plates, whioh an ^pnrate.1 bv a semi-ring of vulcanized india- 
rubber, against which the.* !ii*' squeezed so firmly as to be 
•"•-rtigbt. by means of two vulcanite plates, held together by 
lMiit plate may lie made of 
' ~b Ute depth of fluid em- 
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ployed may be regulated by the thickness or number of semi- 
rings of rubber placed between the glass plates. 

By means of the three screws with milled nuts, tho trough 
may be taken to pieces in a few seconds, and as easily put to- 
gether. In this way it is easy to clean the inside of the glass 
plates, to replace broken ones, etc., etc. 

The Weber Slide.— This ingenious device consists of a 
common slide, rather thicker than usual, in the centre of which 
an annular groove has been ground, as shown in Fig. 34. Tho 
central part of the cell is left nearly the full original height of 
the glass— just enough being taken off to allow of a thin layer 
of liquid between it and the cover-glass. Any liquid contain- 
ing minute forms of animal or vegetable life having been laid 
on the top of the central elevation, will be held there by capil- 
lary attraction as soon as the cover is laid on, and if the latter 
he cemented round the edges, an air-tight aquarium on a 
minute scale is formed, in which, if the proper balance of 
animal and vegetable life is present, the objects may be kept in 
good condition for a long time. We have kept one of theso 
slides for weeks with desmids, diatoms, and minute forms of 
animal life, all in good condition. The proper cement for at- 
taching the cover to these slides is beeswax softened with oil. 




</ Pig. 34. — THE WEBER SLIDE. 

The Weber slide is a very handy and convenient piece of ap- 
paratus, but it is difficult to obtain. We have, therefore, used 
the following form, which anyone can make for himself. 

The Cell Trough.— The simplest trough in which living 
objects may be kept for some time, is constructed out of an 
ordinary cell and thin cover, as shown in Fig. 35. If we 
have a liquid containing some very minute objects which wo 
wish to keep for some time in a condition suitable for examina- 
tion, we place a drop on the centre of a thin cover-glass, which 
ttttfit be larger than the cell A very small cover is ^d 
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over the liquid, for the purpose of forming a layer of equal 
depth throughout, and if there should be any danger of crush- 
ing the objects, a few fibres of hair, silk, cotton, etc., will keep 
the two thin glasses sufficiently apart. The edge of the cell 
haying been lightly smeared with a soft mixture of beeswax and 

r . II ^ fP 



V'' Fig. 35. — CELL-TROUGH. 

oil. and the interior corner having been moistened with pure 
water by means of a camel-hair pencil, the inverted cell is 
placed on the large cover, which at once adheres, and thus the 
cell is converted into a veritable Wardian case. Owing to the 
moist atmosphere, there is no danger of the liquid under exam- 
ination drying up, and as the apparatus is very cheap, several 
may be fitted up and used for watching the life history of any 
particular subject. 

The Compressorium.— The animalcule cage, shown in 
Figure 30 is open to the objection that it is difficult to 
adjust the pressure with sufficient delicacy, and we are apt 
either to crush the animal or leave it too free in its movements. 
These difficulties may be avoided by the use of a well-made 
Compressorium, of which there are several kinds in use. 

This little instrument also serves another important purpose. 
In the examination of certain objects, it is frequently necessary 
to flatten, and even to crush them, in order to render their 
structure visible, and this the compressorium enables us to ac- 
complish. The most powerful instrument of this kind consists 
of a metal plate, in the centre of which is fixed the disc of glass 
upon which the object is laid. A second disc of glass, fastened 
in a ring which is hung at the end of a lever, by means of two 
pivots, is pressed against the first by means of a screw, which 
tilts the lever. In this way a very strong pressure may be 
exerted, while, owing to the free movement of the ring on the 
pivots, the plates of glass always remain parallel to each other. 

Whore very great pressure is not required, a different form 
of the instrument may be used. Instead of being forced down 
by a screw and lever, the upper glass disc is fastened to a thin 



plate of metal, which may be raised by a screw, but when tin* 
screw is withdrawn the "spring" of the plate carries it down 
and gives the pressure. 

A compressorinm, in which the pressure is caused by the 
weight of the upper plate, is shown in Fig. 36. There are two 
plates of metal, each with a hole in the centre, to receive the glass 
discs. At one end the upper plate has two pins, which fit into 
two holes in the lower plate, and serve to prevent all side 
movements. A screw passes through the other end of the 
upper plate, and serves to separate the two. A drop of water 
containing an animalcule having been placed on the thin glass 
attached to the lower plate, the upper plate, with the screw 
projecting sufficiently from the under side, is laid on it Then 
by turning the screw, we can bring the two plates together to 
any required degree of nearness, and with the utmost delicacy. 




Fig. 36.— ^THE GRAVITY COMPRESBORIFM. 

Any minute animal may thus be firmly grasped, without crush- 
ing it, while the compressing power exerted by the mere weight 
of the metal plate is in almost all cases sufficient, even for the 
complete' flattening out of small worms, etc. Even such crea- 
tures as the larva of the common gnat or mosquito may be 
completely crushed by the weight of a plate less than the eighth 
of an inch thick; and, where greater force is required, it is of 
course easy to apply the pressure of the finger. In the latter 
case, no danger of exerting too great a pressure need be in- 
curred, as the projecting screw prevents all that. The want of 
parallelism between the plates does not prove a serious objec- 
tion, as it is so very slight that it is hardly perceptible in the 
short distances ordinarily under observation. Where, how- 
ever, it is desirable to avoid this defect, screws may be substi- 
tuted for the pins, and the points may be made to work in 
holes bored half through the lower plate. 
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ber of complicated devices hat* been described for this pur- 
pose, but the following simple contrivance answers the end 
very well; we have used it for touts*. To one end of a common 
slide with * concave centre* cement a small bottle, as shown in 
the figure. This is easily done by means of a little marine 
The glue, cut in small pieces* should be laid on 
l slide at the point where the bottle is to be attached; 
l slide is then to be gradually heated until the glue is 
bened, when the bottle is laid on and moved back and 
tntil it has been thoroughly imbedded in the cement. 
• is filled with water and corked, the upper, side 
Swing two notches cut in it, one for the en- 
the other for the passage of a loose cotton 
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thread. The object is placed in the concavity, covered with a 
piece of thin glass, and the end of the thread is carried under 
the cover by means of a small notch cut in the slide with a 
file. The bottle must be filled with very pure water, otherwise 
the salts, etc., contained in it, become concentrated under the 
thin cover, owing to the evaporation, and destroy the object. 

Frog Plate* — The circulation of the blood in the capillaries 
of living animals may be observed in the web of the frog's foot, 
the tail of a small fish or water-lizard, the larva) of many insects, 
the ear of a young mouse and the wing of the bat. The tongue 
of the frog is also a favorite subject with some, and dissections 
of the living animal have also been made, and the circulation ob- 
served in the parts thus displayed. Except, however, for im- 
portant investigations, we have no right thus to inflict torture 
and destroy life, and, moreover, the obvious cruelty of the 
means employed, will to most minds destroy nearly all the pleas- 
ure arising from the beauty of the exhibition. Fortunately the 
circulation of the blood in the foot of the frog may be witnessed 
without subjecting the animal to any pain. For this purpose 
the web of the hind foot is spread out over a piece of glass, 
which is held in a frog-plate, as it is called, to which the little 
animal is attached. The frog-plates usually sold, however, do 
not he conveniently on the stage of a small microscope; they 
are apt to tip up, and there is no menus of attaching them 
firmly to the stage, so that it is impossible to incline the mi- 
croscope. The annexed engravings represent a frog-plate, in 
which these difficulties are avoided. As seen in the figure, it is 
of the usual form, and has a large opening, into which is 
burnished a piece of thinnish plate glass upon which the web 
of the foot is laid. Around this opening is bored a number of 
small holes, through which threads, tied to the frog's toes, are 
passed and held firmly by small wooden pins. A series of holes 
are also bored on each side and cut out at the edge, so that it is 
unnecessary to pass the twine through the holes, as it may be 
jeadily slipped into them. The frog may be enclosed in a bag, 
one foot being left out, but a simpler and better plan is to 
swathe him in a strip of muslin two inches wide and 
twelve inches long. The muslin is dipped in wat< 
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frog rolled up in it and laid on the plate, where he is held by a 
few tarns of light packing twine passed into the slits in the side 
of the plate and carried from one to the other and over the 
animal. Small frogs are best for this purpose, but when too 
small they are not easily handled. The position of the animal 
on the plate is so arranged that the foot may be spread over the 
glass plate that fills the large opening. 

The plate is attached to the stage as follows: A cylindrical 
brass block (Fig. 40) is provided — this block having a milled belt, 
which renders it more easily turned. The upper surface of 

this block receives a screw which passes 

through a slot of considerable length, cut in 

the frog plate, thus allowing a wide range of 

motion on the part of the latter; the under 

surface of the block receives a second screw, 

which serves to secure it to the stage of the 

microscope, as shown in Fig. 39. The holes 

for these screws are not in the same line, 

their axes being about a quarter of an inch 

Fig. 40. apart, and the consequence is that when the 

brass block is rotated on the stage, the screw 

"that passes through the plate acts like a crank in relation to 

%he plate, and moves it longitudinally, provided it (the plate) is 

iept from rotating with the block. The upper screw is inserted 

"with sufficient, tightness to keep the plate from shaking, but is 

left so loose that the plate can be readily moved back and forth. 

Hence, while the plate is attached to the stage in such a way 

that it cannot tip up or fall off, it may readily be moved in two 

directions, one the arc of a comparatively large circle, and the 

other a longitudinal motion at right angles to this. 

This frog plate forms in fact a sort of mechanical stage which 
admits of very delicate movements being very steadily made. 
Where this plate is used, the microscope may be inclined to 
any angle, and no jerking or starting of the animal can displace 
the portion of the foot that is under observation. Different 
parts of the same foot and different corresponding parts of dif- 
ferent feet are more or less suited to purposes of observation, 
according as they are more or less transparent and more 
or less fully supplied with vessels. It is therefore of great ad- 
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vantage to be able to select that part which answers our 
pose most perfectly, and this plate affords peculiar (aoilitiK to 
effecting this. 

Table.— The table used for supporting the microsoft* 
should be Arm and substantial, so that all shake and vihrawun 
may bo avoided. Those who use very high powers, and dean 
to avoid vibration as much as possible, will find that a barrel ot 
bos, filled with sand, and resting on three feet, mokes the best 
support. Some years ago, having some rather delicate iniY-U- 
gations to make, we con strut' ted a table in this way. and found 
the results very gratifying. Our table was arranged as follora: 
a common barrel, cut down a little, and filled with sand, *is 
supported ou three stout blocks nailed to the bottom. Tbe 
table proper was made of plank, nearly square, and it entirety 
covered the top of the barrel. It was supported by a -f shaped 
piece of wood, which was fastened to the centre of the table, 
and descended iuto the sand. With such a table, walking un 
the floor, and the passage of heavy teams iu the street, prodn* 
no vibration, though, ou an ordinary table, they renderwork 
with high powers almost impossible. 

Where several persons wish to look through the same micro- 
scope, it is very awkward if each one has to get up and goto 
the instrument. At the same time it is of course impossible tu 
move the niii'i'oseupi' without moving the arrangement for illu- 
mination also. This difficulty has been avoided bymeanso' 
revolving tables, around which the observers sit, each one in 
turn examining the object, as the microscope is passed round to 
him. This is a very excellent, but a somewhat expensive ar- 
rangement. The same end may lit' attained by placing thonu- 
croscope, lamp, etc., on a smooth board of suitable size »nd 
shape, and passing this board to each observer iu turn. The 
board, carrying microscope, lamp, etc., may be made to slide 
quite easily, and if placed on three feet, it is tolerably steady - 
mpporfc, however, is not to be chosen where the micr**" 
e is used for scientific investigations. 
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Double Nose- Piece.— This is one of the most useful 
accessories that the niicroscopist can possess. The result to be 
obtained, anil the method of accomplishing it are obvious. The 
nose-piece screws on to the 
nose, or lower end of the body 
of the microscope, and is 
fitted to receive two objec- 
tives of different powers, 
either one of which may be 
brought into action bysimply 
turning the nose-piece. In 
this way a low power may be used for finding objects and ex- 
amining them as a whole, while the details may, without 
trouble, be subjected to an 
object-glass of much higher 
power. Two forms of the 
nose-piece are in use. The 
older form is straight, as in 
Fig. 41; the later form is 
bent, as in Pig. 42. The lat- 
terform is altogether the most 
convenient. Nose-pieces ca- 
pable of receiving three or 
four objectives have been con- 
structed, and a very old mi- 
croscope, at one time in our 
possession, had a n^si'-picci) 
with eight objectives! The 
modern nose-piece, so ar- 
ranged as to be capable of 
carrying the best objectives, in 
sntion of Mr. Brookes, 







ILLUMINATION— SOURCES OF LIGHT. 

" Light.— It is generally acknowledged that the best 
it microscopical purpose? is that of the sun; not direct 
;, however, for this is altogether too intense, but sun 



light reflected from a white wall, or a light fleecy cloud. Sun- 
light is something which wn cuinnil hum round nt will, and, there- 
fore, the niicroscopiat can do nothing more than select the lo- 
cation of the room which he occupies. In general a room with 
a northern aspect is to lie preferred; if there should also bo 
windows looking towards the east or west, so much the better, 
provided they can be complexly darkened when not in use, aa 
cross lights produce a bad effect. 

Artificial Lii gilt.— While good daylight is the best source 
of illumination, poor daylight is one of the worst, and we have 
frequently, during the day, obtained by the use of lamps and 
caudles, results which could not possibly bo secured by natural 
daylight. At the present time, gas-light, lamp -light and can- 
dle light are the most available means of artificial illumination. 
Candles are rurely used except when the microscopist is travel- 
ing, or in a peculiar situation, but a good candle gives very fair 
results, especially if the flame bo protected from currents 
of air, which may easily be done by extemporizing a 
shade out of a piece of glass tube or small lamp chim- 
ney. Wax, paraffine or sperm candles should be chosen, its 
they give a clear, white flame. Common tallow candles give a 
dull yellow flame of inferior quality. Gas-light, as obtained 
from the ordinary, flat, unprotected burner, is not sufficiently 
steady; it flickers and changes, and for microscopy this is the 
worst fault that an artificial light can have. Where gas is em- 
ployed it is, therefore, necessary to use an argaud burner, witb 
a gkss chimney. Light obtained in this way is in general 
very excellent. Bat the most convenient, as well as the befit 
means of illumination, is a good lamp, of which the ordinary 
student's lamp is, on the whole, perhaps the beat kind. It 
Rives a pure, steady and intense light; it is easily regulated, 
both as regards brightness, and also position, and conse- 
r direction, and it may easily be procured almost any- 
default of a good student's lamp, any of the ordi- 
• circular, or flat wicks, may be made to answer, 
intity of light is required, as in the ilhimins- 
•i objects, the circular, hollow wick, from 
i and whiteness of the light, is alwayi to 




OF THE MICUOSCOPE. 145 

be preferred. / But where a small light of great intensity is 
needed, the common flat wick, turned edgewise to the mirror, 
answers very well. It is a curious fact that flame is transparent 
to light, and, therefore, the greater the depth of flame, the 
more intense is the light. This is easily tested by looking at 
the flame of a common hand lamp sidewise and edgewise. In 
the latter case the eye receives the light from the entire flame 
concentrated to a mere band. 

Several varieties of lamps have been devised specially for the 

use of microscopis!;s, and some of them are very excellent, 

/the most perfect being that devised by Dr. Drysdale and Rev. 

W. H. Dallinger, and described in the Monthly Microscopical 

Journal for April, 1876. 

It is hardly necessary to say that all kinds of oil have been 
displaced by the mineral oils ordinarily called kerosene. 

Very intense light, such as that from burning magnesium, 
the calcium light, the Budo light and others, have been tried, 
hut without material advantage. Many years ago, we arranged 
a common kerosene lamp, so that the air surrounding the flame 
could be enriched with a supply of pure oxygen when neces- 
sary. Dr. Beale describes the same thing in his work, but does 
uot seem to regard it as of any advantage. When used as a 
80urce of direct light, however, we found that it more nearly 
resembled sunlight than any other artificial source of illumina- 
tion. A large diaphragm or shade, with an aperture of mod- 
erate size, was placed close to the light, which was placed at 
some distance from the microscope, and the rays passed di- 
rectly through the object, not being reflected from a mirror. 
The results in some cases were well worth the trouble incurred. 
It is probable that in some cases very excellent results could be 
obtained from the electric light if properly arranged. This, 
however, is a department of microscopy which is certainly not 
suited to beginners, and we, therefore, dismiss it. 

The rays of light, from whatever source obtained, are either 
parallel, convergent or divergent; and in the illumination of 
transparent objects the character of the light, as depending 
Upon these features, is of marked importance. This sn" 
and the action of lenses and mirrors in changing the ' 
direction of the rays, should be carefully studied by 1 



dent, who will find it fully discussed in any work on optica. 
The general principles may be beat explained by a few experi- 
mental illustrations. 

Take a piece of cardboard about six inches square, and in it 
punch a hole about half an inch in diameter. If this card be 
held in front of u wall upon wliicb the sun is shining strongly, 
we will aee the shadow of the card and a round spot of light 
exactly the size of the hole. If the card be now moved away 
from the wall, the shadow and the bright spot will still remain 
of the same size, showing dearly thar 1 1 1 <> rays proceeding from 
the sun are sensibly parallel. The same buhls true of a bright 
cloud or a white wall placed at n great distance; but when the 
wall or other reflecting nbji-ct is very near, the rays no longer 
possess this ebmacli r to tin' same extent. 

If in the first experiment the wall be illuminated by a candle 
instead of by the sun, it will be found that as the card is moved 
from the wall the shadow and the spot Income hrrger, showing 
that the rays are ttireiyriii instead of parallel. The same effect 
is produced by fixing both the lamp and the card on a stand 
and moving them away from the wall. 

Convergent rays, that is rays that tend to meet at a point, 
can be obtained only by passing parallel or divergent raya 
through a lens, or reflecting them from a concave mirror. By 
carefully arranging :l hirye convex lens in the path of rays that 
are divergent, it is easy to render them parallel. They are 
known to be parallel when the bright spot which they make on 
a fixed surface, after passing through a hole, is not varied in 
size by changing the position of the hole. 

The variations which are produced in the appearances of 
objects when they are viewed by light possessing these different 
characteristics can only be learned by practice, and the yonng 

'croscopist should experiment in every conceivable way. 

Whatever be the source of light employed, most objects may 

i of any one of several very different 

i, bd object, if transparent, may be viewed by 

liati-, by light reflected from the mirror, and 

'■''■'■;, If opaque, it may be viewed by re- 

Ught that passes to tin: eve through 

rora the »itrf<«:e of the object. 
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ILLUMINATION OP OPAQUE OBJECTS. 



Diffii-eil Light. -This term is applied to ordinary day- 
light or lamp-light, allowed to full on the object without the 
intervention of any special menus of concentration. That dif- 
fused light may be available for the illumination of objects, it 
istiecessary that the objectives be good. Objects which, with 
ordinary triplets of Imw angular aperture, are entirely invisible, 
become beautifully distinct whin a better class of objectives is 
used. Under favorable circumstances the view obtained in this 
way of any well marked object is very pleasant. 

Bulls-Eye Condenser.— This is a large lens of compar- 
atively short focus, which is made to condense.fche light on the 
object in the samo way that the common burning-glass acts, but 
with effects greatly less marked, since the light is so mnch less 



intense. In s 







the condensing lens is attached to the 
n some special cases this is very convenient, 
i only one condenser, it should be mounted on 
a stand, as shown iu Fig. 43, so that it may be 
placed at any height and turned iu any diree- 
tion, Placed between the object and the 
lamp, it collects the rays of the latter to n 
focus which brightly illuminates any object 
upon which it may fall. Opaque objects, 
whioh by diffused light are barely visible 
nnder the microscope, become very distinct 
and clearly defined when thus illuminated, 
and many of them, such as the wings of ii 
sects and certain minerals, appear in the most 
gorgeous colors, which, however, are perfectly 
natural, and are not the result of chromatic 
defects in the lenses. 

In viewing nil opaque object by reflected 
light, it is evident that wo are enabled 
judge of the irregularities of the surface 
largely by menus of the shadows east by the 
raising or lowering the lamp, and also the con- 
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denser, the direction and extent of these shadows may be greatly 
varied. Hence one of the advantages of the students' lump. 
I~~ An important use of the condensing lens is to change the 
direction or character of the rays employed. Thus, when a 
lump is in use the rays are divergent, and the easiest way to 
render them parallel is to para them through a condensing lens. 
To effect this the distance of the lens from the lump must be 
exactly the same as that at which it brings parallel rays to a 
focus. In other words, the lens must be at a distance from the 
) lamp which is exactly equal to its local distance for parallel rays. 
Condensing lenses are made of all sizes, and some of them 
are quite expensive, but we have frequently obtained wonder- 
fully fine results by means of a cheap lens of small size, bnt 
good form. A condensing lens is, perhaps, the most important 
accessory that can accompany a miorosoope. 

Side Reflector.— This is a small silvered concave mirror, 
which is used to throw the light on the objeotfor the same pur- 
pose as the condensing lens. The results which it gives are 
slightly different, and it is a most valuable means of illumina- 
tion. It has not been so generally introduced as it deserves to 
be, and few microscopes are furnished with it unless to special 
order. It should always be used in combination with a buJhveye 
condenser, as light of much greater intensity is thus obtained. 

The Lieljerkuliii.— This was one of the first instruments 
used for illuminating opaque objects. It consists of a. small, 
concave, spherical mirror, through the centre of which the ob- 
jective passes, the focus of the mirror and objective coinciding. 
The objeot must be email, and is generally mounted on a small 
circular disc of leather or card, which stops out the centrid 
rays, while the light which passes round it strikes against the 
concave mirror, and is reflected back again upon the object. 
The Liuberkulm gives very brilliant effects with many oh- 
-.vi 11 nianii&vd it enables us to obtain very satis fac- 
pecially with powers which aro too high to admit 
. lector, the parabola, or the bulls-eye. 
ion. however, is the fact that the light falls 
'ma obliterating all the shadows pro- 



ilucej by elevations on the object. For '"show" objects llin 

Lieberfculiu is 111104 nailed in its effects, and there is lie ilr.nU 
tliat iu certain investigations it may be made to do good 





The Parabolic Reflector.— This accessory was first 
mads by Messrs. Beck for Mr. Sorby, who employed it to ex- 
amine the microscopical structure of iron and steel. As ordin- , 
arily constructed, it consists of a parabolic minor attached to ' 
tie end of a rod furnished with universal joints, so that it may ' 
!* placed in any position as regards the object and theillumin- 
adniirably for condensing the light on the 
surface of objects, and by throw- 
^^^^^m ing the rays in any particular di- 

' j" ' f ; ~ M reetion across the surface, the 

'-- observer is enabled, by means of 

'Z-- — JB< the shadows, to determine the 

J^^Hv M nature of irregularities upon some 

objects in a very satisfactory man- 
ner. In this it resembles tbe or- ] 
dinarv side reflector, which, bow- 
ever, is formed to & spherical in- 
^EH^U , II stead of a parabolic curve. Like 

ftr^MQ the side reflector, this illuminator 
- — — t ^^^ should always bo made to receive 

^3^^^-v parallel rays, and condense them 

upon the object. To obtain par- 
If Tig. «.— parabolic ewlbctob. allel rays, place tbe lamp in the 
focus of the bulla-eye condenser. 
The side and the parabolic reflectors cannot bo used with ob- 
jectives which have n short working distance, since the rays 
from the lamp must reach the reflector from the opposite side 
of the objective. 

Since niauy stands have no conveniences for attaching this 
Moessory, some opticians furnish it with an adapter, whereby 
it may lie fastened between the objective and the nose-piece. 
" " a contrivance, however, must have originated in a want of 
iwfadge of the prmciplrs which eon! ml tins unthodof illurn- 
""' 'a evident that the object should always be i 
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focus of the reflector; if, in adjusting the focus of the objective, 
VI more (he reflector, we most, of course, destroy Hie proper 
rotation of tiio latter to the object. 



Objectives with Tapered Fronts.— When the objec- 
tive has (i very broad front and a short working distance, as is 
the case with most objectives of high angles, it ia impossible 
illuminate tlie object satisfactorily with the bulls-eye con- 
denser, To avoid this difficulty, several makers, notably Mr, 
Swift, of London, have narrowed tiio brass work of their fronts 
to tlie last limit, ho as not to interfere with the illumination of 
opuqoe objeota. Mr. Tollca has, however, gone u step further, 
and has allowed tlie glass of his front lenses to project beyond 
the brass work, ho that the bull's-eye may be used with com- 
paratively high powers. We have a one-quarter eoustructed on 
thin principle, which allows of the clearest illumination, and 
shows Iho J', wtgutatum as an oparpie object so well that the 
markings nro sharp and well defined. These lenses are mode- 
rate in price, very easily used, aud give very satisfactoiy 
results. 

Smith's Vertical Illuminator.— This admirable de- 
vice is duo to Prof. Hamilton L. Smith, of Hobart College, Ge- 
neva, N. Y., and is intended for use with objectives of such high 
power, that tho Lieberkuhn, condensing lens, side reflector, 

i'li',, I'ltniiiil I".' I'lnpluVi'd. Si'\i'inl iliili.'i'uiit urrangoinents have 
been suggested. Ihe first was a small annular silver reflector, 
placed just above tlie buck lenses of the objective, and forming 
ogle of 45" with the optic axis of the microscope. A hole 
i) tho side of the brass mounting of the objective admitted tho 
{lit, which was thus thrown down through the lenses on to 
f.l.ji'i'l, and back again to the eye. We have used sueli an 

ogement with at satisfactory results. For e sample, with 

I'-fniii'lli iiieli objective, thus fitted, it is easy to view the 
uuiiiLiiiini lis an opaque object, and bring out its markings. 
-'i..r. us thus constructed, uiuy be either a separate 
ed into the nose-piece of any mi- 
is furnished at its lower end with the So- 
li the objective is in:v\Vv.'\, uv it may l>e 
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a 3>eimanent part of the parti ctilnr objective employed, and lie 
K I J cii[iI]T adapted thereto. In oar own experience, the best 
r ^£iultB have been obtained by the latter arrangement. 

Instead of the silver reflector. Mr. li. Bock uses a thin glass 
dstefan ordinary cover- glass) , which is inserted into an adapter 
,v liicli fits lietweon the nose-piece and the objective. The thin 
§£l«ss a supported by a small pin with a milled head, by which 
*-"t may lie turned so as to present its surface at the best angle 
*<^»r reflecting downward the light admitted through a suitable 

All forms, of the vertical illuminator givo their best results 
"^V-lieu used with immersion objectives, as has been very fully 
*=*lK>wn by Mr. Geo. W. Morehouse, of Wnylond, N. Y., who 
t»ses with success objectives as high as tho one-tenth. The 
*liai'kings ou the most difficult tests — even tBe l'Jth band of 
Robert's plate — are shown clearly and well by this arrange- 
In using the vertical illuminator, success will depend greatly 
"upon the management of the illumination. The size of the 
aperture which admits the light to the reflector should be 
carefully regulated and diaphragnied down, if necessary, and 
the rays should be rendered parallel by menus of the bulls-eye 



Toll eg' Vertical Illuminator. -So far as we have been 
able to rind, Prof. H. L. Smith was the first to illuminate the 
object by light passed down through tho objective, and the 
different forms which have been inirodiii-ird.si.ieli as Beck's. 
Powell A: Lealaud's, ete., are mere modifications of his original 
plan. To Mr. Tolles, however, is due the invention of a modi- 
fication which exhibits considerable originality. He inserts, 
above the front lens, a small pris.ni, which is so constructed 
that the light passes in freely, and is then totally reflected 
nWimai'ils. In this way (lie nn s pjiss ilunn Ihiough only one 
lens of tho system, instead of through all of them. ^Ir. W. A. 
Rogers has used this illuminator with very satisfactory results 
in the examination of fine rulings on metal, incident to his 
investigation of the comparative value of various standard 
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The different methods which have been devised fur viewing 
transparent objects are quite as numerous as those available for 
'opaque ones,/ and require quite as much tact and study. A 
skilful worker, who thoroughly understands the points essential 
to good, or rut heir to sippi-opi-iute and efficient illumination, will 
attain results woudorfully superior to those achieved by persons 
ignorant of the subject, rand this, too, although the latter may 
be working with fur superior instruments. This is seen every 
season at our microscopical exhibitions and conversaziones, and 
although the work done on these occasions is chiefly for show, 
the same principle holds good in regard to work dotie in the 
direction of study rand investigation. 

Direct and Reflected Liiglit.-Wb.cn the miuroscope 
is so arranged that the light from a lamp or other self-luminous 
body shall pass directly tlimu^h the object and into the micro- 
scope without liciuff first rH looted from the mirror, the illnmin- 
- ation is said to be direi'l, in distinction from light which has 
been first reflected from « mirror or other surface. Light from 
a cloud or a white wall can scarcely be regarded as direct. 
Direct light gives results which ure appreciably different from 
those produced by reflected light, since light always suffers a 
change in character hy re II action. These two kinds of illumin- 
ation may be either axial or oblique, and in the case of both 
reflected and direct light, if the source of light be very distant, 
the rays will be sensibly parallel, but if the source of light be 
very near, the rays will be divergent, and, consequently, under 
such circumstances, the illumination must in part be more or 
leas oblique. 

Axial or Central Light.— When the mirror, either 

plane or concave, is placed directly in the axis of the micro- 

i, and reflects the light through the tube, the illumination 

to be ctiritil or eeiilrtil. The same term also applies to 

ight, when the direction in which the rays pass through 

t coincides with the optical axis of the instrument. 
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^Plie rayB must, of course, be parallel. IE either divergent or 
Convergent, some of the rays will bis oblique. Purely axial or 
*3;«ntral illumination can be obtained only by passing the light 
"fclrough a very small holo placed some distance below the stage. 

Oblique Light.— Many objects fail to show their pecnli- 
^^rities when illuminated by parallel rays of light passing 
"through them in the direction of the optic asus of the wicro- 
■scope, but are seen very clearly when the light is sent througb 
"them obliquely. To secure illumination by oblique light re- 
jected from the mirror, the latter must be ho suspended that it 
«an be turned to one side, and thus send a beam of light through 
the olijeet at an acute angle. Where direct light is employed, 
the necessary degree of obliquity may be obtained by adjusting 
the position of the lamp — a device to which we have resorted 
when compelled to use a stand in which the mirror did nob 
swing to one side. In this way, also, oblique light may be em- 
ployed to illuminate objects viewed through a pocket lens, and 
very interesting effects obtained. For the resolution of fine 
markings upon diatoms, etc., oblique illumination is a neces- 
sity. When the angular aperture of the objective is low, and 
the light is very oblique, the objects appear light on a dark 
ground — in fact a sort of dork ground illumination isobtained. 

Tlie Achromatic Condenser.— The earlier forms of 
the achromatic condenser consisted simply of an achromatic 
lens, similar to an object-glass, so arranged that by means of it 
the light from the mirror could be brought to a focus on the 
object. With some objects, even this simple contrivance gave 
Very line results. It was soou found, however, that great ad- 
Vantage was derived from cutting off portions of the pencil of 
lays transmitted by the condenser, and by means of the proper 
diaphragms, central, peripheral and one-sided or oblique illum- 
ination was obtained. First-class achromatic condensers be- 
came, therefore, quite complicated and expensive. Several 
cheaper but very efficient forms are now made by opticians, a 
favorite being the Webster condenser, shown in Fig. 45. 

Of this accessory Carpenter gives the following very practical 
description: "In its present form the arrrangement of lliu 





Fig.** 



i the Kellaer Eye-piece; 
the field-glass of the latter serving as a condenser to receive 
the cone of raja refl e cted upwards from the mirror, and to 
make it converge upon 
a smaller achromatic 
combination, which 
consists of a doubte- 

with a plano-convex 
lens of flint, the plane 
side of the latter be- 
ing next the object. These lenses are of large size and deep 
curvature; so Uiat when tLeir central part is stopped out, the 
rays transmitted from their peripheral portion meet at a wide 
angle of convergence, and have the effect of those transmitted 
through the peripheral portion of the ordinary achromatic 
condenser. When, on the oilier hand, this combination is used 
with a diaphragm that allows only the central rays to pass, 
these rays meet at a small angle; iicd the illumination thus given 
is very suitable for objects viewed with low pawers. Again, by 
stopping out the central portion of the combination, and re- 
moving the condenser to a short distance beneath the object, 
the effect of a black ground illumination can be very satisfac- 
torily obtained with objectives of moderate angular aperture. 
Further, by stopping out not only the central, bui also a great 
part of the peripheral rays, so as only to allow the light to enter 
from a small portion or portions of the margin, oblique illumin- 
ation can be most effectively obtained." 

Tbe Wen ham Reflex Ilhiminaior.— This is 
ally conceded to be the most perfect device for illui 
balsam-mounted objects when viewed by objectives of very 
high angles. It is shown in section in Figure H\ where a is a 
nrljndGI of glass half an inch long, and four -tenths in diameter, 
'nwer convex surface of which is polished to a radius of 
;i is flat and polished. Starting from the 
the cylinder is worked ofl to a polished face at an 
"use beneath the cylinder is set a plano-convex 
us. Parallel rays./,/./, sent through the 
'he lower convex surface of the c 
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o the point, Ji, if continued in solid glass, 
11 the inclined polished surface (which is 
williin the angle of total reflection), they arc thrown on the 
flat segmental top; here they would be totally reflected and 
beaten ilowu again to a point outside the cylinder, bat if an 







Fig. 46. 

Object-slide, c, be laid over thu flat top with an intervening 
film of water, the rays will proceed on to the point, g, if the 
glass slide be thick enough. As shown in the engraving, how- 
ever, the Blido is of the usual thickness, and the p 
e it ; therefore, if the upper surface of the t 
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and polished, the rays will lje totally reflected therefrom, and 
will be seat to the point, b, outside tlie cylinder. If, however, 
any inflect scales, diatoms, or thin flat objects should be i» 
contflot with the upper surface of the slide, the rays will he 
enabled to pass through, and the objects will be brilliaatlr 
lighted up on a dark ground. Objects seen in this way bIiot 
many points of their structure with remarkable cleorneM. 
Speaking of the Amphipleora pellucida, Mr. Wenham tells us 
that it assumed a substantial appearance not seen in any other 
Wiiy, iin.l at om-i.- displayed its sfi'iiv with an 1 th that had never 
rewired them 1>eforo. 

It in very evident that the results which we have just de- 
scribed will only take place when a stratum of sir lies above 
the slide, and the objects which we wish to view must Vein 
contact with the slide, and not mounted on the cover, asia 
usually the case. But it the objects lie mounted in balsam, 
the light wilt pass through to the upper surface of the cover, 
whence it will be totally reflected down, and the objects will 
lie invisible, or, if sufficiently substantial, will appear on a 
black ground » iih <lrn objectives. But if we use an immersion 
objective, the light will no longer be totally reflected at to 
surface of the cover, but will pass through, aud will be talis" 
up by the objective provided the latter has sufficient angular 
aperture. 

Used under these latter conditions, the reflex illuminator 
constitutes a means of obtaining oblique illumination of pea' 
purity and force, aud the instrument is now a general favorite 
for this purpose, for which it was first used by Mr. Samuel 
Wells, of Boston. 

the reflex illuminator BuoceeBfully Si 

] experience, but those who will t'i 

ilrnction and mode of actiou, will find 

getting good results. First of all, then, Wf 

that Iho reflex acts as a condenser, and consequently it ia 

to use but a moderate amount of light, which should 

This is best obtained from a suuJi 

Su<- Ny, we must use parallel rays, or the puiut H 

V;lil is brought to a focus will not be those whi™ 
ither features of tlie instrument. Parallel 



mauds great cars 
refully study if 
no difficulty in 
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•DaT Ik; either the light from a bright cloud thrown up by the 
jbac mirror ; divergent rays from a lamp made parallel with 
Ho OHMave mirror; or divergent rays from a lamp made 
Jitraliel with a bulls-eve condenser, and thrown up by the 
Hmic iniiTOT ; or a combination of these Inst. Thirdly, wo must 
reroenilier that the instrument lias (wo centres, arising from the 
■set (iiat the optic axis is bent by internal reflection from 
he polished facet of the cylinder. Hence, we have the centro of 
he Jem* below the cylinder, to which the illumination must be 
Ij listed, and we have another centre at which the rays are 
roiight to a focus, and which must lit? made to coincide with 
ie (ijitic axis of the micros cope. This centre is generally 
arked by the maker on the small side piece, c, and it should 
; brought exactly to the centre of the field of view of the ob- 
ctive, a low power — say a half inch or two-thirds — being nsetl 
r (his purpose, in the first place. 

It is, of course, obvious that by adjusting the other condi- 
ons of the instrument, the points which we have laid down 
ay he varied. Thns, for example, divergent rays may be 
led ; but in that case the focus of the rays will not be at the 
obt. g, unless the flat top of the cylinder is depressed a little, 
bidi may bo easily done if a tenacious liquid like glycerine be 
seil as the connecting medium. 

TVa think that if the reader will bear these points in mind, 
art will work over this accessory faithfully for a few hours, he 
'ill attain results which will abundantly compensate him for 
he labor spent. 
Tlie reader must always bear in mind that where totally re- 
eding surfaces are used, as in paraboloids, reflux illuminators, 
to,, they must be kept scrupulously clean or they lose their 
Sect, 

The Wenliam Prism.— This simple and ingenious little 
■evice was first described by Mr. Wenliam in a paper read 
'efore the Royal Microscopical Society. Jlan-li 20, 1856. At 
hat time immersion objectives were unknown, or at least were 
at in use, and the effect of the prism was to produce a very 
tilhint dark-ground illumination ; but, as with the Keflex 
i', the introduction of immersion object 
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stage; over it is placed the alkie. If the metal pints be 
fastened to tho stage |jy any euiitrivnuce, the object-elide 
miy be moved about ut will without disturbing tin* prism. 

As wo have already stated, tho Wenham prism has a right 
angle and two angles of 45" each. Prisms for tlic- same purpose 
We been made with unequal angles ut the base, uiitt with other 
than a right angle at the apex, and this is some times advan- 
tageous. 

Itis, of course, obvious that the Wenhain prism transmits 
tlia rays with their direction unaltered. If we wish to cond«nse 
them, this mnst be done previously by means of mirrors or 
lenses. Two illuminators, which combine the effects of the 
condenser and the prism, have been devised by Mr. Wenham, 
md we will now describe them. 

The Hemispherical Illuminator.— Instead of a 

prism, Mr. Wenham has used a hemispherical lens, patched on 
to the slide is the same manner as that described for the prism. 
This lens concentrates the rays on the object, and as rays from 
any direction will always enter tho lens at right angles to some 
part of its surface, more light and greater uldiquily can be ob- 
tained by it than by the prism. This device was described by 
Mr. Wenham in the same paper in which he first described 
the right-angled prism, but wo believe it was first applied 
by Mr. Tolles as an oblique illuminator for balsam -mounted 
objects seen with immersion lenses. 

The '* Hair-Button."— A still more efficient illuminator, 
undone which is complete in itself, is shown in tho engravings, 
Fig. 48 being a side view, Fig. 40 a section, and Fig. 50 a per- 
spective view of this littlo contrivance. It consists of a semi- 
circular disc of glass of one-quarter of au inch radius ; the edge 
is rounded and well polished to a transverse radius of one-tenth 
of an inch, for tho reason that the focus of a spherical surface 
in crown glass falls within its substance to nearly three times 
Uie radius, consequently the line of light will lie in the most 
concentrated position at one-twentieth of an i 
" 'e of the semi-disc, ivliidi ilistanee i:- 

slides of the usual ftiicYnesa. 





button," as It has been called, is connected to the under si*3« 
of the slide by means of water, glycerine, or oil of ekvrasj ik 
skies being grasped by ft simple kiuil of open clip attaebeil to 
tbe sub-stage. This illuminator is complete in itself, and re- 
quires 110 supplementary condensing lens ; the obliquity is 

^o to 

Figs. 48, a, 50. 

simply obtained by swinging the ordinary mirror sideways 
and by this moans Aii>j'/tip/j<trn/jwllm-i<lit, mounted in bids** 31 ' 
con be at oneo resolved. 

The Woodward Illuminator.— This method of won J »t- 
ing and arranging el right-angled prism for the illumination of 
balsam- mounted objects, was described by CoL Dr. Woodwi»JVil 
in ajiaper read before the !!■ ■;." ; l i HIi<Tosi:o])ii:ul .Society, Juiis 6, 
1877. It consists of a priim of glass, the ape* of which li*s 
been truncated. This prism is eemcutcd to the truncated op* 55 
of a similar prism of brass, the long side of tho glass pri» m 
being upward, and connected with the under surface of t-lis 
object-slide by suitable liquid (glycerine, oil of cloves, etc) 
Tbe homologous side of the brass prism is downwards, a.n'1 
slides in it holder which is supported by the sub-stage. ^T° 
this brass prism are attached two arms, which serve to suppo** 
a thin screen at somo distance below the stage. The sere*" 1 
is parallel to that face of the glass prism that receives the ligl 1 *' 
and is pierced with a pin-hole, which permits the jjassngi! of !l 
minute beam of sunlight. "With this apparatus, Col P J - 
"Woodward secured very fine results. 

ii' Illuminating Traverse Lens.— The ino el 

mguruciit for allowing a beam of light to reots^ 

on, a suitably immersed object, is tbe it/itiui'' l '~ 

Mr. Tollee. The engraving, Pig. 51, and tl*» 

is in Mr. Tolles' own words, are from t^a 

.7.. nistxipiml 6'ocifiti/, 
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device is represented iu the annexed figure, where P is 
tlio basilar plate of the whole traverse system, having a circular 
groove and track, in which the carriage, C, moves. On a pro- 
jecting arm, A, of the carriage, 0, are mounted whatever ap- 
pliances are to he used to modify or direct the light upon the 
traverse lens, T, in the direction of the object at the centre of 
tl»*HTstem. 

In the figure- the concave lens, N, is shown in position on 1 
»i-iH. Thus situated, the interior convex anil concave surfaces 
InJiag of no effect, the two exterior plane surfaces of Iks traverse 




constitute it a prism, and every slightest movement of 
this concave facet lens on the traverse lens, T, would looiddgive 
ctdifgrent prism to infinite variety. Li this arrangement, the 
eoaoave mirror eau be used in the ordinary manner and con- 
dense light enough upon the object for nil ordinary purpose*. 
Tlie full interior aperture of a dry objective would be reached 
a t the very convenient obliquity of 41°, i.e., at less than the 
critical angle, or angle of total internal reflection between 
crown-glass anil air. L ia a double- conves condensing lens, 
that may be placed at about its principal focal distance from 
l "e object. 

Foi 1 a condenser, with the si/.o of apparatus as drawn in the 
"pa's, a simple lens of 1$ iuch focus, and about ten degrees 
(10°) of aperture is convenient, and if the lens i 
""ttg Ihe arm, A, it can be foeussed readily on 
Position being fixed by inspection, This would t 
P*ttllel rays. Tf diverging rav* are :>!■.[. anoHinr ]• 




l, A. will conveaieDllv 
take mp the bti from tin- radiant at the distance of tha (mm 
of this supplementary Iras. 

The jdate, P, is gradaated on its circular edge, as in (Ire 
figure, to two degrees, and lie arm, A, his a swing of seventr 
• at are each way from the axis of the miorosoopft An 
" ; anted on due bevelled edge of the carriage If 
from the axis of the condenser, which must be added to or sub- 
tracted from the real obliquity of the illuminating raja. 

It is obvious that any observation made and duly recorded he 
to its condition*, as of obliqnitv of incidence of iltuioiuntiug 
pencil or ray, form of the pencil or beam, focal length and dis- 
tance of the condenser, such observation could be succtssfDllv 
repeated. The record of the obliquity of the most oblique rajs 
reaching the object directly and giving view of it at the eve- 
piece with In at inons field, would eipress the "balsam" aper- 
tore, or more correctly, the half interior aperture- oi tLe objec- 
tive when theirootlensof the objective and the traverse system 
are of glass of similar refraction. 

Having thns the ••balsam" angle, we readily calculate of 
learn the corresponding angle for glycerine or water, or any 
medium of which we have the index of Detraction. A OOJS* 
ponding notation, perhaps for air, might bo engraved in justs- 
position on the basilar plate. 

The Spot JL*ns.-TLis is a plano-convex lens of very bits' 1 
curvatnre (it is generallv hemispherical), so mounted, that it* 
distance iroiu the object may be adjusted in such a wny that 
the rajs which pass through it, may be brought to o. fo'' ua 
~~ .« central rays are stopped out by me*M of * 
aw), so that the object is illuminated 
j of too great obliquity to enter the 
™ ■ 'ion is changed bj [1 "-- 
= bi-iUiiuillv ilhiiiimateil 
which could not 
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'be Parabolic Illuminator.— This is an instrument 
iutended to accomplish the same end 
as the spot lens, but in a far more 
efficient manner. It consists of a 
block of glass, the outer form of which 
is a parabola with a cup-shaped de- 
pression cut in the upper end. It is 
mounted in a brass iittiug, which 
■tides up and down in the sub-stage 
of the microscope, and thus may be 
readily adjusted, so as to throw the 
light properly upon the object The 

Jsnlta obtained by means of the parabolic illuminator are 

'onjlerfully beautiful. 

Polarized J.iglit.— The micro polarisoope consists of two 
isliuct parts, u polarizer and an analyzer, each of which is 
on generally formed of a. Xichol prism properly mounted. A 
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Fig. 54- 



Damon method of mountiug the polarizer is shown in Fig. 53. 
there shown, the lower ring is intended to slip into the ring 
thumb-stage, the rack and pinion of which enables us to 
>oe the end of the prism at a proper distance from the object. 
hen tlio microscope in not provided with a sub-stage, the 
Wizer is turned upside down, and the brass fitting slipped 
Soaring, which in attuebi-d l.> tiio under siile of the atagf 
le milled ring, which is shown uppermost in 
i rotate the prism in both cases, 
er may be amiugcd iu either one of two ways. It 
pe-piece, or it may be mounted 




corrected his bad methods, but then lie evidently had never 
considered it worthy of earnest thought, although it formed 
the very foundation of his powers of observatio 

Simple Hand Magnifiers.— These are perhaps the most 
important of all optical instruments, and yet we rarely find a 
person who can use them efficiently. There are but three 
points that require attention, viz: The proper position of the 
magnifier itself, the perfection of the illumination, and the 
steadiness with which the instrument is held at the exact focal 
distance from the object. Many magnifiers are bo constructed 
Unit it is impossible to place them in a wrong positior 
side which should go next the eye, and the side which shoidd 
£o next the object are so well marked that no mistake c 
fflnde. The greatest liability to error exists where two or three 
femes of different powers are fixed in the some frame and used 
together. This forms one of the most common and useful of 
"ot magnifiers, and the rule is always to /.■/. «■..' tl<e lens of great- 
tot jmeer nearest lo lite object. Plano-convex lenses should be 
placed with the plane or Hit side next the object. 

Hand magnifiers are, in the majority of cases, used for ex- 
amining opaque objects, and one of the most important con- 
ditions for perfect vision in that the object be well illuminated, 
first of all, then, see that the light fails full and direct on the 
object; then place the magnifier ns nearly in focus as can be 
done without actually looting through the lens, and, after this, 
ll ]'l'o>;ich the eye to the magnifier. The errors most commonly 
committed are: Turning the object away from the light; cut- 
ting off the light by the projecting brim of a hat or cap; 
shading the object by the hand or the lens itself; attempting to 
examine an object in n room that is not sufficiently lighted. 

Huv i) I g secured n proper position fur the magnifier and a 
good illumination, the next step is to devise some means for 
holding the lens steadily in foens during the examination. This 
is most readily eflWti-d by vesting the hand that holds the lens 
upon the hand that holds the object. Lens and object then 
dove together, and the focussing remains unchanged. 

Compound Microacopes.- 
mact in hand is a very simple on 






power to be used is not very great. No person should attempt 
to use high powers anil I'uiiiplii.'iit.i-il in strum cuts until he has 
served an Apprenticeship by using a mioroseope of simple con- 
struction, and objectives of considerable leugth of focus. 

Let the beginner commence by examining some transparent 
object already mounted. To do this, set the microscope 
on a firm table, in front of a -window by day, or before 
a lamp at night. Direct sunlight is to be avoided, the light 
from a white cloud being usually preferred to any other 
source of illumination. At night use a gaslight that does 
not flicker, such as an argand burner, or a good kerosene 
lamp, the German student lamp being very well suited to this 
purpose. Good results may, however, be obtained from anyof 
the ordinary lamps, especially those with a circular wick, which 
are now so common. Very fair work may also be done by 
means of a good candle. This subject has, however, already 
been discussed at greater length in another section. 

If the microscope be a cheap Jfreneli "lie, tho objectives will 
be found attached to the body, there seldom being any special 
provision made for holding them. But with all American and 
English microscopes, and tho better class of instruments from 
the continent of Europe, special boxes are provided for holding 
the objectives. These boxes are usually made of brass, and 
are indispensable to the microscopiat that endeavors to take 
good care of his instrument. "Where the objective is kept in a 
separate box, the body of the microscope must be raised to a 
sufficient height, and the objective screwed into its place. In 
doing this he very careful not to let the objective fait and strike 
against the stage. We have seen more than one good lens 
spoiled through such an accident. 

When the objective has been properly secured in its place, 
move the body of the microscope up or down until the front 
— that is, the It-n.i which isin.-iire.it I" the object, isabouta 
l inch above the stage. Then turn the mirror 
the light from the window or lamp is reflected through 
s microscope, so that wheu looking through it a bright cir- 



e mounted object of 1 






I of wood. If a low power objectiv 




■used, eay one magnifying less than 100 diameters, 
body of the microscope up, so us to increase the distance be- 
tween the objective ami the object. At tlie same time keep 
your eve at the eye-piece mid watch clusely. At a certain point 
th.e object will be Been with great distinctness; it is then ill 
foas, and is ready for examination. Always begin with low 
pomra One of the greatest risks that the beginner runs is 
that of breaking the objective by forcing it down oa the object. 
To avoid this with high powers, bring the. objective down al- 
most into contact with tli.- slide; when doing this do not look 
thnagh the microscope, but watch the objecfive, and stop 
whenever it is sufficiently near the object. Then npply the eye 
to the eye-piece, slowly raise the body, and watch for the com- 
ing of the object into focus. This is the only safe method with 
high powers. 

Before attempting to place an object on the stage, or to re- 
move one from it, ace that tlie objective is raised at least half 
*n inch above the stage. By attempting to introduce a new 
slide without raising the objective, when using high powers. 
Job ran great risk of injuring both the object and the objec- 
tive. And in removing objects from the stage, never lift them 
"P;ihvaya sltile them off. In lifting them ltp, great danger is 
"Wined of bringing thorn into contact with the objective, and 
thosdoing irreparable injury. Sliding entirely prevents this. 
Where the microscope is not provided with mechanical 
means for adjusting the focus, such as a screw or nick and 
pinion, a great deal may be ueci>iii[>li*hed by special methods 
"f manipulation. Thus if, instead of pushing the body directly 
through the collar, it be moved with a slightly twisting motion, 
'he focus may be adjusted with considerable delicacy, and when 
the microscope is not provided with a flue movement, a great 
<ieal may lie done by weans of a slight pressure of the fingers 
°1 the stage. Few stages arc sufficiently rigid to resist even 
'he slightest pressure. 

The chief points which the beginner should endeavor to 
«tudy are the variations which aro made in the appearance of 
'lie object by means of slight changes in the focussing and 
raode of illumination. Experienced mi cmscoi lists constantly 
,r fingers on the tine adjustment of the microscope, 
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and watch the different appearances which are produced by 
change in the mode of illumination. Swinging the mirror to 
a to send the light through the object in an 
obliqne direction, or, where the mirror cannot be turned to 
one side, merely turning it on the trunnions which support it, 
will often produce most important effects. 

From what has previously been said in regard to the neces- 
sity for clear and brilliant sources of illumination, the young 
microscopist may, perhaps, be led to suppose that the field of 
view cannot bo too brilliantly illuminated. Such, however, is 
far from being the case. "With ordinary powers (those below 
500 diameters) it is almost always necessary to moderate the 
light, even of a flat-wicked lamp, and stifl more that of a 
students' lamp. The finer details of an object cannot possibly 
be made out if the illumination be too strong; they are 
" drowned out," and the whole object becomes what artists and 
engravers call flat. The light may be regulated by the dia- 
phragm which has been previously described. Where the mi- 
croscope is not furnished with a diaphragm, increasing the dis- 
tance of the lamp from the instrument is the best mode of 
lessening the intensity of the light. 

Yery bright' light is exceedingly trying to the eyes, and 
therefore the student will find it advantageous to use lights of 
moderate intensity, and to increase their efficiency in every 
possible way. This may be done to a very great extent by 
judicious management — chiefly by excluding from the eye all 
unnecessary light In a room very brilliantly lighted with a 
number of powerful argand burners, it would be impossible to 
aeenre the proper illumination of a microscopic object by 
means of a candle, for the eye, accustomed to ihe bright light, 
would fail to be impressed by the weaker one. Extinguish the 
bright lights, give the eye a short time for rest, and the candle 
will answer very well. The principle thus illustrated finds a 
practical application in the use of pasteboard shades surround- 
ing the eye-piece, and excluding from the eye all light except 
that wbieh pafifies through the microscope. Such a shade is 
cqqJIit moflft n U d adapted to any microscope, and is of great 
also in our own practice carried out the 
is of extra diaphragms to ttur eye- 





pieces, thus cutting off all the light which j 
microscope, except that which actually serve 
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It will also be found of great importance to secure perfect 
purity in the special illumination employed. Thus, if we are 
enmiiung an object by transmitted light, it always detracts 
from the clearness and beauty of the image if light is reflected 
from its surface. It is, therefore, of advantage to shade the 
object by means of a small tin, brass or pasteboard shade, at- 
tached to the stage so as to prevent any light from the lamp 
from falling cm the object. 

A difficulty which frequently occurs to young microscopists 
consists in the almost impossibility of securing a ii.dd of view 
equally illuminated in all parts. Assuming that the mirror is 
in proper position, and that there is not Ling to shade any part, 
it will in general be found that the difficulty arises from the 
fact that the mirror throws images of the lamp, etc., upon the 
object. Sometimes this is very distinctly seen; the shape of 
the flame can be clearly distinguished, and the metal portions 
of the lamp appear as (lark similes. The cause is that the lamp 
is at the exact distance at which the mirror forms an image of 
it on the upper surface of the slide, just as a lens, held in 
front of a white wull, will throw an inverted image of a lamp 
or candle on the wull, provided the relative distances of the 
wall, lens and candle arc properly adjusted. The remedy is 
very simple; move the lump either towards the microscope or 
away from it, as may be must convenient. 

As previously stated, the character of the illumination af- 
forded by a mirror, and by a whito surface placed at a short 
distance from the object, are appreciably different. A very 
pleasant method of illuminating tmiNpiuvnt ebj'.rts consists in 
the use of a plate of plaster of paris. Its whiteness is probably 
as pure as that of any other substance, und it is easily procured. 
The plate we use was cast in the cover of an old tin box, half an 
inch deep and three inches in diameter. A flat surface was 
secured by casting it upon iv board. If east on glass or metal, 
the surface is glazed and shiny, which is bad. lustead of plas- 
ter, fine white paper or cardboard may be used. Such surfaces 
' lot be glnzed, and they should be kept scrupulously clean, 
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' The light is also sometimes modified by passing it through 
' ground or colored glass — blue being a special favorite. Such 
|light*modiflers, as they are called, produce a pleasant and 
equable illumination, which is a great relief to the eyes, but, 
except for the resolution of finely lined objects, we have not 
found theni otherwise of any special advantage. When it is 
desired to obtain the greatest resolving power that a lens is 
capable of affording, the li/mi [■<■//, as it is nailed, is probably the 
moht efficient accessory. This is simply a glaBB tank, somewhat 
like a zoophyte trough, filled with a solution of oxide of copper 
in liquor ammonite. The solution is prepared by adding 
liquor ammonite to a saturated solution of sulphate of cop- 
per, until the precipitate which is first formed is re-dis- 
solved. The intensity of the blue may be regtdated, either 
by diluting the solution, or by varying the thickness of the 
layer of liquid. 

When it is desired to examine any thing by light reflededfrom 
it, instead of light h-aiinmiltnl ihruwjk it, the objeet should be 
placed before u dead-black surface, such as the dark part of the 
diaphragm, or a blackened card, and at such a distance from it 
that the surface of the background is not in focus. Then, 
place the condensing lens in relation to tho lamp, so that a 
bright spot of light will fall oil the object, and on bringing it 
into focus it will be clearly seen. Low powers only can be 
satisfactorily used for the examination of opaque objects by 

e beginner should commence with the simplest mounted 
its, and afterwards, when a little skill in the manipulation 
e instrument has been acquired, he should proceed to the 
ainatien of such simple unmounted objects as are easily 
taxed. The latter course will prove altogether the most 
e and instructive, for he who confines himself to the ex- 
nounted objects only can never hope to become a 
■i.iii-.i. After a time, when a little skill has been 
" "n the ii}Vf><ini/ifn of objects, the student may proceed 
•ervo and mount them. Most young people try to mount 
they have I named to ^■■"■'/'■■■■■'■' "bjiicis, mid the eo use- 
la thai they soon find themselves in possession of a 
notion of very poor slides. 



,^^ On the Use of Object ii ea of Large Apertures.— 

^^When the first edition of this book was issued, wide-angled 6b- 
5*^:ctives were far from common. The " Battle of the Objeot- 
^^ Classes" was at its height, and objectives capable of resolving 
«-^lie Amphiji/'-i"-:, p-MuL-iiia, or Nobert'B nineteenth baud, by sim- 
ile lamplight, were comparatively scarce. During the interven- 
^aig veal's the opticians have been hard at work, and have turned 
•"^ant objectives of a high class to such an extent that almost 
^rivery microscopical sociity numbers amongst its members those 
~"^dio bave glasses of high halsani apertures. It is an unfortu- 
nate fact, however, that thus far the text-books are entirely iu- 
"3iocent of any directions for using these glasses. We have now 
~l>efore us a treatise of over 400 pages, which left the author's 
"hands as late as the middle of I860, and which does not contain 
a single direction for the use of the cover correction 1 Aa a 
justification of such omission, it has been alleged that objec- 
tives of largo aperture require no more care and skill than 
others. Prom, this position we most emphatically dissent, and 
if evidence were wanting we could cite the caae of a prominent 
officer of ouoof our microscopical societies, and one who claims 
to be an expert in the use of the micros cope, who thought it a 
great feat to show So. 18 of the Probe Platte with a J objective, 
which undoubtedly was capable of resolving No. 20 handsomely 
if properly handled '. The forthcoming work of Prof. J. Ed- 
wards Smith will probably be the first test-book that will have 
treated this department t lie roughly, and .students are anxiously 
looking forward to it* appearance. 

Instruction in the proper methods of handling first-class 
objectives is best, obtained from a living teacher. It will bo 
found ono of the most difficult things to learn from a book. 
One reason for this is that until he lias become expert, or has 
seen the objects in (he hands of some one who is expert, the 
student does not know what appearance to look for. The con- 
sequence is, that lie is nil the time working in the dark. Bnt 
after he has seen the Amphipleura or the Saxonica well shown 
by some oue wdio knows how to handle a good objective, he 
has a standard of excellence to go by, avid it will bo very strange 
if, after a few trials, he docs nut surpass the work of his teacher. 
Then, ns soon as he lias learned to bring out what he know* 




be the bust results on difficult diatoms, be knows when '. 
luiiMi'H are doing good work in bis hands, and, so far as bis S^- "' 
Htruiiiuiit i:-t concerned, lit- feels uoufulcnt tlmt lie can apply it 
any class of objects and get views tbat are trustworthy. 

To get 1.bi) best results from modern objectives '.if wide au;r""~~ 
tif aperture, there lire two things that must be carefully a 
tended to — the illumination, of the object, anil tbo adjustm-i- 
Eif the correction for the thickness of cover-glass. Of deh'oa<r^~=. 
in focussing, which, by the way, is a most important point, i 
It unnecessary to speak. ^^ 

As regards illumination, the three great points that must I'^^Z. 
secured are jmrii;/, inJi-nniti/, anil suitability. 'By purity "'"^^» 
mean that the light must lie wholly of a certain degree of ~"" 
obliquity, for these wide-angle lenses gather in so many rays, 
that a diffused light, which does not affect low-angled objec- 
tives, greatly injures the working qualities of those of high 
angle. Thus, for example, if we aro working by central light, 
it is necessary to shut out all the direct rays from the lamp, 
which would outer at every sort of angle, and produce con- 
fusion. A narrow pencil, produced by sending a beam o 
parallel rays of intense light, through a small hole placed si 
distance below the stage, will give central illumination, wliick 
will give very different results from that obtained by a dull, 
diffused light, such as may be obtained from the flat side of the 
wick of a lamp, falling on a large mirror .and reflected upward. 

When oblique illumination is used, great care should bo 
taken to prevent rays of different degrees of obliquity from 
falling on tho object. A largo, concave mirror fills a large 
portion of the aro through which it swings, and its upper a 
lower edges reflect ruys which fall upon the object with x 
different degrees of obliquity. Where very oblique rays b 
used, bnt a small proportion of thorn enter the glass slide, 
BOlan they ore "guided "through by some such contrivance 
as the Helios II! animator, Tulles' Traverse Lens, etc. Rays of 
Ii'mk obliquity enter much mere freely, and although less in 
*he others in the first place, they drown them 
■'on of these rays consists in a great degree 

considerable extent by 
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a of ft simple screen. This fact has been made very ap- 
parent by Prof. J. E. Hinith, who, by the use of a aiinplo 
' oUiqne diaphragm," as it is called, baa secured results which 
"Were previously supposed to demand much inoro complicated 
*Micl expensive arrangements. This oblique diaplnragin, or 
s °*eeu, eonaiats of a plate of very thiu metal secured to the 
tinker surface of tbe stage. The stage then forma the upper 
surface of a >, and tbe metal plate the lower one. Tbe angle 
^ay be adjusted at will by simply bending tbe plate, and it is 
e Via e nt tbat all rays from below will be entirely excluded. 
-*■ jiece of tbe thin iron known as ferrotype ptnte ia the cheap- 
6st taiidbeat material for this purpose. Its surface should be 
'*eiail black. 

The same result is obtained by the use of a conical dia- 
t^laragm fitted to tbe sub-stage. 

^ When such objects as difficult tests are viewed by oblicpie 
^* ^ht, it will be found tbat there is a certain angle of illumina- 
iim at which the objective will generally perform best, and 
■^Viis must be found by careful experiment. The higher tbe 
**-ligle of aperture of tbe objective, tbe greater may be tbe angle 
***t wbicb tbe object is illuminated, but it will bo found that 
: *»iaiiy objectives fail to work up to the full angle claimed for 
"fchflui by their makers. 

Such are tbe general principles to which the student must 
5>ay attention in regard to the matter of illumination, but in ad- 
*h"tion thero are numerous minor details, a knowledge and appre- 
ciation of which can only lie acquired by practice. The finer 
objectivea are so sensitive to the slightest changes, that the 
least movement of the mirror or lamp influences the result in 
a very marked degree. 

The other important point to be attended to is the cover- 
correction. This will be found to demand great patience and 
attention. The older authorities give fixed rules for regulating 
the cover-adjustment, but as it unfortunately haiipens that 
adjustment varies not only with the thickness of the cc 
glass, but with the depth to which the object is sunk in 
mounting medium {and this is not always the same), and 
angle of illumination, it will bo seen tbat each object reqi 
special attention iu regard in these points. In addition to 
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it will be fonnil that each objective hns its own special chnri» ~zxi 
tt-ristii's, whii-li miint In' fiiivliillv stiiilied liy t3»e owner if 1 

■would command success. 

The difficulty of giving any rules which will enable t^^d-h 

student to put the "finer touches" on this kind of work, is n el. 

set forth by Dr. Blackhaia in a recent article,* from which we 

quote as follows : 

"It will probably be expected that something should be a^^sid 
here in refereuco to the adjustment of the objective for tZ^Hif- 
ferent cover-glasses, etc., by means of the screw collar, but on 

this point, unfortunately, but little can be said, though, of 

cum;-.-', it is a most important one, and the better the objeeti — ■«, 
and the wider its angle, the more important is accurate nlji^ il 
ment. Every wide-angled immersion objective that is wo^^vtL 
having, is a separate work of ait, and, as ynch, has an initiv — id- 
uality with which the worker must become acquainted, n» "'' 
which he must learn to turn to bis advantage. 

" None of these lenses which I have seen are perfectly Rcte »■ 
matic, anil each has a special wave length nt which it does its 
best. In Tolles', and Bausch & Lomb's, and I believe m 
Spencer's lenses, this is between the blue and the green, • ml 
the exact shade differs with different lenses, and must be foi~»- ml 
by experiment. My plau is to adjust roughly by means of -*Ji' 
tint of the field, then to bring an object into tlie field (if we 
are at work on the Probe Platte, one of the easier diatoms, ^say 
Pleurmigmu iiuffulnliim), and foeus on it and arrange the iM- 1»- 
minaiioii as accurately as possible, and then with the finger t^-nd 
thumb of the left hand, turn tho correction collar of the ohj •*■ 
tire Itackwards and forwards, keeping the object in focus all 
the time by means of the forefinger of the right hand on -*:ke 
milled head of the fine adjustment, until the best effect is *=>b- 
tained. An occasional slight change in the position of the nc» fr- 
ror is often needed. 

"In all these manipulations, deliberation and care ^«re 
needed, and the patience of the beginner will often l>e sor^Jj 
taxed, but let him remember that nothing worth having, can J» 
gotten without trouble," 

iy fur Kebriiur 
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Care of the Microscope. A microscope, when not 
UHe, should always ho kept well covered, either in its case 
Tinder a anitable cover. There is no more convenient mode of 
beeping a microscope than to stand it upon a cloth mat, and 
cover it with a glass shade. It is thus kept free from dust and 
Tapora, and is always ready for use; but when it is kept in its 
case, and especially if it has to be screwed together, interesting, 
valuable, or even important objects, will often fail to be ei- 
amined, simply because too much time and labor are necessary 
to prepare for the operation. 

A good microscope should be so carefully protected, that it 
shall rarely require to be cleaned or dusted, as this wears off 
the lacquer, and exposes the metal, which, when thus uncov- 
ered, soon beginsto tarnish. When dustiug or clcaiiiug becomes 
absolutely necessary, chamois leather, or a very fine old linen 
or silk handkerchief is most suitable. Never use coarse cloths, 
or those that have been lying about exposed to dust and dirt. 

The lenses should be kept in their boxes when riot in use, 
and when they are attached to the microscope, great oare 
should be taken to keep them from coming into contact with 
liquids. In order to prevent the latter accident as far as pos- 
sible, never examine liquids unless when they are covered with 
thin glass. In the pursuit of micro chemical studies, the 
microacopist has frequently to deal with liquids that corrode 
metola, and even glass. lu well-appointed laboratories inverted 
microscopes are used in such caws, but with ordinary instru- 
ments, special means must be employed. The object should be 
laid on a large piece of thin plate glass, and the brass work of 
the objeetive should lie coated with oil. The rest of the metal 
work may he protected with oiled silk or thin india-rubber. 

When liquids which corrode glass are used, the front of the 
objective should be protected by means of a very thin leaf of the 
best mica, which may be attached either by glycerine or balsam. 

These, however, are exceptional precautious. In ordinary 
work it is sufficient to see that the lenses and metal work are 
kept free from stains and riuger marks. 

Never touch with the fingers the surface of any lenses, either 
eye-pieoea or objectives, as thiswill be certain Use 

It camel-hair brushes to remove particles ol 're 
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dirt adheres mote strongly, use line linen slightly moistened with 
■ alcohol, and wipe dry with very fine chamois leather. Benm- 
| ber, that alcohol, if used profusely, will attack the lncquer of 
tbe brass-work, and even dissolve the cement which holds the 
lenses together. When objectives are smeared with balsam, 
the best cleansing agent is said to be kerosene oil. The pieua 
of leather used for wiping lenses should be free from dust, and 
is best kept in a. simill box by itself, and used for nothing else. 
It must be remembered that the gluss of which objectives are 
made is easily scratched, being soft when compared with parti- 
cles of sand and grit; consequently, when frequently wiped it 
soon loses that exquisite polish upon which its eicolleuee ol 
performance so much depends. What, then, are we to think 
of the directions given by the author of a popular work on 
tbe microscope, in which we are told to nse a piece of leather, 
slightly impregnated with brick dust II 'No better method of 
destroying an objective timid possibly be devised. Therefore, 
see that in wiping, the slightest possible pressure is used, lest 
any particle of grit should make a scratch. 

The exposed parts of all microscopes, as well as the objectives 
and their eases, are lacquered, to protect them from being 
Boiled by handling, but the interior of the boxes which hold tbe- 
object- glasses nre rarely so protected, and the black coating of 
the interior of bodies, draw-tubes, etc., is frequently not very 
firmly attached. Therefore, never touch them with theflngers- 

After taking an objective out of its box, either screw on the 
cover of the box, or place the latter with its open end down. Do 
not stand it mouth up, so that it may catch nil the dust. 

When exhibiting the microscope to others, great care is neces- 
sary to keep meddlesome Augers from soiling the glasses. Some 
people are never conteutwhen merely allowed to look at things; 
they insist upon handling them, and feeling Uiem. To the 
young microseopist, we would nay that if any of jour friends in- 
sist upon handling your objectives, eye-pieces, etc., put up the 
instrument aud pack it away. A microscope carefully used is 
as good after fifty years as when first made, but we have seen 
an instrument suffer more injury in half au hour at the hands 
of a thoughtless and dirty person, than it would have bus 
u twenty years in the hands of a careful microseopist. 
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Uos e wno are eugngpd in special studies and researches re- 
.1 "6 no directions for collecting objects; but to those who use 
J luicroscope for purposes of general instruction oramuse- 
. Q t> a few bints may not be out of place. Almost every test- 
imii 0C kotiiny, Physiology, mineralogy and kindred subjects, 
"^U no t oa \j inijioate a long list of objects, but will give di- 
®ctionB for procuring them. Plants yield a very large variety 
j, interesting subjects. Thus the cuticles of the leaves and 
*ers; cellular tissue as shown by dissections, and by cross 
^d longitudinal sections; hairs, pollen, seeds, etc., all deserve 
^*eful microscopical examination. Insects furnish an almost 
Unlimited field, and their wings, feet, eyes, mouth, scales, spira- 
cles, hairs, etc., are all worthy of careful preparation and exam- 
ination. 

It is, however, amongst the more minute forms of animal anil 
■Vegetable life, as found in pools ami 1'uuuiug streams, that the 
Bloat interesting objects are to bo found, and the number stud var- 
iety of these is so great that several huge volumes would be re- 
quired to describe them. Even the ponderous works of Ehren- 
berg atid Pritchard do not begin to exhaust the subject, and, 
therefore, it will be obvious, that even if we were to devote tho 
whole of tlio present volume to this department, we could 
but skim the surface. Thus far we have had to depend chiefly 
upon foreign works for descriptions of these organisms, but it is 
fortunate that while tin- higher classes of plants and animals 
which iuhabit Europe, and are described in European works, 
are entirely different from their congeners on this continent, tho 
same does not hold true in regard to the lower forms. Wo have 
found localities wlih'h loomed with the Yulvnx Globular and 
various species of Chutmiun. 8if!i.irrc;tr>uu, ['ulUittrum,, etc. 
Hydrasareto be found in great abundance, aud so nearly like 
the described European species that the beginner will find it 
difficult to detect the diilW-ence. 'Wehuverpr " 'found the 
Stepkanocertrs, Mdicerta and other beautiful]! 
i as for tho more common ones, such ' 
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l.i !>!■ li.iiii'l tn every poo], 

Kvrry young microsoopist that i 
ntiiilirn in tiiin direction, is met at the ontset bj two <l 
(Iik But in in obtain tha objects, tlie second i 
1I.17 urn nTLnr he 1ms got them. The first is by no n 
llmill. Iiink, lint tlm weeond will often puzzle r. 
mIihIhhIh Uiilii tlnmo ivhom we expect to be readers of thi* book 
Wo know (if but two ways to accomplish it; 1 
plmi of Kearching (or them in the " Micrographic Dictim- 
ary," OT the books of Carpenter or Pritehard; the oth 
to obtain the dusked information from 1 

n-i 1. 

Tli« nbjiHtlH whieh are of most interest to the microseopistM* 
not ilillii'iill. to obtain, if we know where to look for them, bui 
thny uro not to be found everywhere. Many stagnant po* 
will be found to yield but it scanty supply, while others, »hk*i 
perhapi, to tlm iiiiinil inlcil |ivcm:iit a less promising appearW'f' 
will jirlil il iii-li harvest. JJcginners are very apt to entert* 8 * 
tlm popular notion, that ever// drop of water teems with MiiJ** r 
iniliiN, anil Unit whim plucml miller the microscope, it will »pp**\ 
l,ii l.n litemlly fllloJ witli living things. This idea is fosbs* 
)>y popular writer* who describe a drop of water as a globe fi^^T- 
ivilh life, uinl liy lecturers who exhibit pictures and enlarged 2,.,, 
iigea of wliat they call "a drop of water," but which iB in rea^-^.y 
it in 11 1 ni ile ruble quantity of that liquid which has been artifici^^" ^ 

llpplii .1 mill lii!.;i!ii1;ii.f:i. ('I.iii' \yi. II 'A;! I it is ;ilni'ist free U -■'"" . t ,^. 

mlorowjopio organisms, anil the same is true of the water f r*^^ ^. 
oloar 1'iiHiliH, whioh flow swiftly over 11 pebbly bottom. OrtH^'^oii 
ary laiu water, us found iu ciuterua having free communicate^"^ j 
with tlm air, usually coutaiuH large numbers of the larvie^^"^ 
gnats and mosquitoes, and when exposed to the light it is aim- -^Z^ 
always rich in wheel animalcules, and some of the lower fort"^ 
of vegetable life. The water supplied to our cities is in geS 
eral very rich iu microscopic vegetables. Thus in the Crot ^*" r( 
water, which is comparatively pure, we have found a lar:-^" T 
number of very beautiful species, amongst them the exquis:-***j 
Moiiachinus, The best way to secure a supply of the anin^--^ 



ad vegetable inhabitants of city water, is to pass a cousidei 
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aiMaef » ru»(t v-/ tawiTOl -Jtn wir* woohl rust and destiny 
vW tort, abwol six tkufce* ia fiwfrrT, *idmJ to a tin tobe or 
teuwkt which fits s^tti y ok the *ad of a walking cane. To 
the iu>g & *ahK-tMJL a baa; «* aar Schs, pair material, thick 
youm t ttw tfco two palfrlim ttf hMia% water owt rapidly, »°- 
ivcpUtg -1111111 u-tyee* la. With that act it is easy to captntf 
Wi\U>iut! iK-ui jsb*1 ifakorafeog » the very smalfesi ltf* 
*^i u ia «ij' poctafctet wjac* m ucdbaarj "~» K -c cant- tonne * 
*Moi iuu<w«l haadtehwito aaj other hnptanents. Xe*» 
Wtaon«t, w» ted the aaart naafcl irtjahw to be bottles. Tb*tf 
anvuM bo «4 ukat sWs, » that any object contained in th*^ 
uu\v bv Wad&Jtj L-Ajuusin*l by moans of a pocket lens. For ll* 1 ' 
lew* »t ^■v;\i»^.r»ri-«i^^konKeop«iiJcpbiafcoflKgee>- : *' 
\btdi nunce aud o,iautet ouncv - and. •« generally cuit a do*^°. 
lu two *hvj* I'lU i>;i A Enuup. A £aix saspte af the contents ^ 
a aukiil i-ivl ia w*siij jfcfcunwl by gently bratnng the phi***' 
OtPttlh iih>w»w**d», iindt* the water, and bringing it cwntio gs*-^ 
W thf idw.v v hich. Li >ut'(A;we>i to be ridies* in specimens. T^*^ 3 
uhial U ttwu turned tuoutli upward, the air rashes oat and '-^ J * 
ghhwta uw oantVMt u*(o the bottle by the force of the inrasLia*^ 3 * 
shalXuw pooJa, the phial i 
;i\ held iit the hand, bat when the water is 
*>atidU' Lt tvnuutil, ninX tut this wu use the holder shown' 
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**g. 55, which is made to fit on the end of the walking stick. It 
consists of a ferrule Laving a semi-cylindrical piece soldered at 
right angles to it. The ferrule fits the cane, 
and the bottle is fastened to the cross piece 
by means of a rubber ring— the method of 
arranging the latter being easily understood 
from the engnmng, A dozen or more bottles 
of proper size may be taken along, and they 
are so easily attached to the holder that there 
is no necessity for transferring a "dip" to 
ier bottle. The contents are most easily carried in the 
"bottle in which they were first obtained. 

When the water is too deep for a walking cane, a fishing rod 
or any long pole may be used, and when; the^e prove too short, 
as in harbors, etc., a bottle may be lowered and raised properly 
"by means of strings. For this purpose the bottle must be 
heavily loaded with lead round the neck, and two strings must 
^attached to it, one fastened to the neck and the other to the 
bottom. It is by the latter that the bottle must be lowered, 
hot it must be raised by the other. If properly managed it 
will descend month downwards, bnt the tension of the string 
Mtachedto the neck will invert it, and when raised by this string 
it will bring up its contents very perfectly. 

For scraping the surface of the mud at the bottom of shallow 
pools, we use the spoon shown in Fig. 511. It is simply a ring of 
tin five inches in diameter and one 
iadi deep. The lower edg< 
"wired " jis the tinsmiths call it, 
there is a ferrule soldered to the 
W that it may be filed to the 
Mie that is used for the net. Over 
Wtom is stre tolled a piece of sc 
thin fabric, such as thin muslin, ga 
place by a rubber band that slips 

wlge It is best to make one side of the ring somewhat flat, 
astoadapt it better to the Hat surface of the mud. When the 
jf cloth get noised, they are easily replaced, and, indeed, 
. bad plan to carry the mud home 
*et cloths, a dosen or more of which, with their, contents, 
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Accompanying the cane, A, are the hooked knife, 
B, grid the ring anil bcttle, C. These are made with a double 
screw, so that they may be attached either to the end of the 
cute itself, or to the inner rod, and in this way we can have 
either a short and stout handle, or a longer and more slender 
one, as circumstances may require. The bottle is made so as 
to screw into the brass ring, and the same screw enables us to 
tit a wooden cap on it, which thus encloses the con touts tightly. 
Tie hook is made of fine steel, and has a sharp cutting edge, as 
seen in the engraving, so that it is easy to ont off a piece of 
Teed, drag it out of the water aud 

Those who carry such a 
canedonot attract attention 
by any unusual parapher- 
nalia, and at the same time 
they are at all times ready to 
secure any valuable material 
that may present itself. Sev- 
eral bottles may be carried ia 
the pocket, and screwed into 
the ring as required. 

The collector who desires 
to make a thorough examina- 
tion of the microscopic 11" ra, 
and fauna of any pool or 
Stream, must not rest content 
with infinitesimal quantities 
of material. It is not neces- 
sary, however, to lug home a 
gallon of water for the sake 
of tho objects contained in it, 
and so fully have microscop- 
iats been impressed with this 
idea, that the devices which 
have been prepared for strain- 
ing out the valuable portions 
are almost endless. The best 
and simplest that we have 
seen is a modification of an 
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arrangement, designed, we believe, by Mr. Highley, and 
figured ia Beale's work on the microscope. It consists, as 
shown in the engraving (see Fig. 58), of a bag or net of 
some light materia], to the bottom of which is atttiahed, by 
means of twine, or a strong rubber ring, a wide-mouthed bottle. 
Any quantity of water may bo poured into the bag, and all the 
objects which it contains will roll down the sidea of the bag 
nnd fall into the bottle, while the fluid escapes through the 
sides. Delicate objects are consequently not exposed to 
pressure, rubbing, or any other violence, as they would be in 
an ordinary filter or bag, and the whole affair is so simple that 
any one can make it. 

A slight modification of this arrangement will be found ad- 
mirably adapted to the microscopic examination of the water 
supplied to cities. The bag may be attached to any faucet, and 
and all the water that is used in the household may be caused 
to pass through it. In this case, if the bag be made of some 
tolerably stoat material, it may be firmly tied to the faucet, 
rtnd then all the water that is consumed will be very thor- 
oughly purified. 

Another very excellent device is the bottle invented by 
Mr. Wright, of which a modified form is shown in Fig, 
59. The mouth of the bottle is closed by means of a 
coik in which two funnels are inserted. 
One of these funnels is placed in the bot- 
tle, mouth down; the other projects above 
the cork, as shown in the engraving. The 
mouth of the funnel that ia in the bottle 
is covered with muslin or flannel, held in 
place by a rubber baud, which is prevented 
by a wire ring from slipping along the con- 
ical surface of the funnel. When water 
is poured iuto the other funnel, it passes 
into the bottle until the latter is full, and 
then it flows out of the first funnel, and 
is carried off by means of a short piece of 
Meanwhile, all solid parti- 
te filter, nnd as the 

'ith the filtering Fig. ay. 
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surface downwards, moat objects of interest fall away from if, 
und may be found in tile water. A single bottle of this descrip- 
tion is sufficient, as the cork is easily removed, so that the water 
may be poured into other bottles. As ordinarily made and sold, 
Wright's collecting bottle is au expensive piece of apparatus, 
costing four or five dollars, but as shown in the engraving it 
may In; made for a few cents by any tinsmith. 

Where it is desirable to keep the specimens thus obtained so 
that they may bo examined, and their life-history studied, 
bottles and jarsof almost any kind may be used, but those which 
we have found most convenient are what are known as "quin- 
ine " bottles, and may be had at most druggists. For ordinary 
objects they are just about the right size, and as they are made 
of lolnrabiy clear glass it is easy to examine the objects throngb 
the aides of the bottle. A dozen or two of these little aquaria 
occupy very little space, and are easily bandied. Great care 
most in general be taken to exclude from the vessels contain- 
ing the finer organisms, sueli predatory animaloules as devour 
tliaa. Water fleas, the larvse of insects, etc., will soon make 
May with the finer specimens. On this account great diffi- 
culty is found in keeping the I Wen.-- GMmtur, since it is greedily 
devoured by various rotifers, and these are exceedingly difficult 
toeidude. We tare succeeded best in this case by partially 
filling a bottle with well-filtered water taken from the same 
pool as the specimens, and transferring the objects to it singly 
bo is to avoid transferring their enemies too. For this purpose 
the dipping tube should be used. Some authors caution us 
agaiust mixing the inhabitants of different pools, on the ground 
'bat being strangers to each other they will fight. This is more 
fanciful than accurate, though it has a basis of truth. It is not 
'he circumstance that tbey are strangers that causes the diffi- 
oolty, but the fact that the ouc is tho natural prey of the other. 
The same thing occurs between inhabitants of the same pool. 
Itmuat be remembered, however, that very slight changes in 
the conditions in which they are placed will often cause the de- 
struction of these objects. Thus, we have seen some very fine 
gatherings totally destroyed by being removed from so 
*»ter to clear, bard well water. Therefore, in tr 
Otter wimals or vegetables to an aquariun, it is wel! 
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tliMii with the same water, mud, etc., in which they W 
null}- found. It will sometimes, however, be- well to filter th» 
water no as to remove till such in habit no t« as ore apt to eat a] 
thi! others. Water, may be filtered through paper, or where fil- 
tering paper is inaccessible, the neck of a funnel may be loosely 
plugged with cotton. Even this does not quite free it from 
noxious eggs or germs, and we hare sometimes boiled it in 
flask in which die objects were to be kept. The month of the' 
flank was than plugged with loose cotton, and when the watei 
waa cold, the objects we wished to preserve were introduced. 

When floating freely in these diminutive aquaria, many ob- 
ject* are as difficult to find and capture as would be a small fish 
hi a lurge pond. The microsc ipist, therefore, requires special 
means for capturing them, and placing them on a slide. — 
this purpose nothing serves so well as what are known as dip- 
ping or fishing tubes. These are simply gloss tubes of different 
diameters (from one tenth to one quarter of an inch), and of 
any convenient leugth. They ore-used by closing the upper 
end with the finger, bringing the lower end near the object (m 
derthe water), and then removing the fingers from the nppei 
end. The water, in seeking to find its owu level in the tube 
rushes in with greot force and carries the object with it. By 
again placing the finger on the upper end of the tube, the latter 
may be lifted frum the bottle, and the water with it, and byalittle 
dexterous manuginient it is iii»v t" cimse the object to flow out 
on a slide without allowing too much water to go with it. 
These tubes are made straight, curved, and with one end drawn 
to a point, but for most purposes the straight tube answers best 
as it is most easily kept clean. We prefer to grind the enda 
rather thiin tu miikii them smooth by fusion, aa the latter pro- 
is generally contracts the opening, and renders the tube dif- 
ficult to clean. The beBt plan, however, is to heat the upper 
u the blowpipe, ami turn the edge outward 
if s test-tube. It is then easily closed, and the 
The lower end should be ground. 
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OF THE HICKOSCOl'E. 1^7 

^SEPARATION, PRESERVATION AND MOUNTING OF 

OBJECTS. 

These three operations are so frequently applied as a single 
J>irocess to objects, that many writers have failed to niako a suf- 
ficient distinction between thorn. By keeping tlio proper dis- 
tinction clearly in mind, however, the student will not only 
save much valuable time, but he will secure vastly better re- 
axilta. Except by those who are more anxious to increase the 
number of objects in their cabinet than the amount of know- 
ledge which they possess, a very large proportion of the ob- 
]ects examined will never be preserved or mounted at all. This 
however, should not prevent the utmost care being given to the 
process of preparing them for thorough examination. On the 
other hand it often happens that objects which have been 
carefully prepared and mounted, spoil because they have not 
been subjected to a proper preserving process. Hence the 
importance of treating these operations separately and fully. 

The Preparation and Examination of Objects.- 

It is a common but very erroneous idea that the only thing 
that is necessary in order to examine any object under the mi- 
croscope, is simply to place it on the stage, and get it into 
focus. With the exception of mounted objects, a very few 
transparent objects — such as the wings of insects — and some 
things that are viewed by reflected light, every substance re- 
quires to undergo careful preparation before it can be fit for 
profitable examination. A good example of the necessity for 
such preparation is seen in the common potato, a piece of which 
when simply placed on the stage of the microscope, and brought 
into focus, appears as a glistening mass, and reveals nothing of 
its true structure. If we now cut from this lump, by means of 
a very sharp knife, an exceedingly thin slice, place it on a 
plate of glass, moisten it with a little spirit and water, or better 
•till, glycerine and water, and place over it a thin glass cover, it 
will disclose to us a most wonderful and beautiful structn— 
entire mass will be seen to be composed of cells, the 
lag filled with granules of starch of various sizes. 
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operation which we hare thus briefly described ac appli- 
« to the potato, is required (■* a great many other matariak; 
fur whenever u, substance is to be examined under anyexcrpt 
tin- -very hi west powers, it ia absolutely necessary to obtain it in 
pieces iia thin M possible, to tint the light may readily pw 
through then i. and it is in general requisite to increase their 
transparency either by immersing them in a fluid, or by sume 
i bjeeta for the microscope, enr 
aim ia in geiiem! to examine either the ultimate structure oi 
r investigation, or the arrangement of its 
iliflereut parte; and the processes which are most available fw 
thia purpose may be classed under three heads: 1, Mechanical, 
• ■■ -u and injection; 2, (Aemrt 
•,11, 'li as the ose of iodine to* detecting starch; of alcohol tot 
burdening certain structures; of coloring substances for stain- 
ing germinal matter, etc.; 3, Optical, snch as the action 
wlnri.lpj certain liquids change the transparency of some "^ 
jrcta. Of suine o! these procomoc, anch .^ injection, stainiiig 
and tin' extended use o! chemical tests, elaborate deseriptioua 
u i mill be required ill urder to enable the student to carry then* 
out with success, and we must refer hint to the works of Beala 
uuiL Frey, which are i r; complete on these points. 

itiona ot any soft substance are easily made with a 
vctv aharp knife — a good razor being probably the best availa- 
■i, nt. For work in the higher departments of micro- 
scopy, and for the preparation ol line objects for s«fc, special 
instrument* known us see t ion -cutters are employed, but for the 
ol Unary work of investigation, they are not absolutely neces- 
sary though wry convenient, 1'sing a good sharp razor, it is 
an easy matter to shave oft" any soft sultstanoe a wedge BAaped 
piece, the edge of which thins off to nothing, and which pre- 
„,.„(:, iii hs,iiil,.i. nl |nirtK:L.[ varieties of thickness, so as to afford 
■ perieol opportunity to study the object under exanvinsiticsi. In 
thta way, which is known as the " free-hand " method, suitable 
neotious of moat aiumid and vegetable substances may easily be 
..ivjhuvJ, :i".i ii;.- -■ .■.■!■ ■ ' ■■ irprised at the dexterity 

ractico will confer. 
I . ■ in.; sections,'!' very soft tissues it special knife, known 

y.il. -imn's knife, hits been invented. It Consists ,,f 
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blades so arranged in one handle that their distance from each 
other may be easily regulated. "When a cut is made with this 
double-!) laded knife, a thin slice of the tissue passes between 
the blades, and eonsliliites the section. It is an instrument, 
however, which will hardly be used by beginners. Sections 
of substances of greater consistence, such as wood and soft 
bones, are most easily made in a regular .section cutter. The 
patterns according to which these instruments are constructed 
are very various, but they all net on the principle of raising 
above the surface of a brass table, by means of aline screw, the 
substance to be cut, and then passing a very sharp razor or 
knife over the table so as to shave off tho projecting part of tho 
object. The table is usually of brass, ground and polished. 
This gives rise to two serious defects. The metal is too soft in 
the first place, so that it is impossible to press with sufficient 
force on tho razor without catting into the table, and secondly, 
when any soft metal lias been ground on a grindstone or emery 
wheel, the surface becomes so impregnated with gritty matter, 
that it very rapidly destroys the edge of the cutting too!. We 
avoid these difficulties by fitting to our section cutter a stout 
plate of hardened steel, the surface of which has been highly 
polished by means of bull' leather. Quekett describes a cut- 
ting machine in which the difficulties wc have mentioned are 
obviated by fixing the knife iuaframeso that it is raised above 
the table, and does not touch the metal. Its edge is thus pre- 
served from injury, and the blade itself cannot be affected by 
■Variations in the pressure exerted. I): 1 . Curtis, of this city, has 
adopted the same principle in his section cutter, tho details of 
"Which are admirably carried out. 

In making sections of wood and similar substances, the speci- 
men is first well soakeil in dilute alcohol, and is then fastened 
securely into the tube of the section cutter, either by wedges or 
Viy casting was or paraffin around it. The process of raising it 
by means of the screw and passing the knife over it, is simple 
enough, and can easily be learned. 

With the ordinary cutting machine, success in making thin 
sections seems to depend upon the perfect sharpness of tho 
matting edge, the thorough moistening of the knife and section, 
and the rigidity of the blade. The latter point frequently fails 
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lillniving plenty of time for the alcohol to displace the water, 
And for the turpentine to displace the alcohol; and manipula- 
ting the insect with great care, so as not to break any of the parts. 
The eyesof insects ere prepared by macerating them in very TMik 
potash, and, while still soft, pressing them between two slips of 
glass. If allowed to harden before being pressed they will 
split at the edges. The handsomest preparations of eyes are 
obtained by taking a thin slice from a large eye, such as that 
of a dragon fly, and treating it as directed. 

Thofeetof insects are in general easily prepared. Moderato 
soaking in potash, careful washing in water, thorough soaking 
in alcohol and turpentine, ami careful management in properly 
displaying them on the slide, are the secrets of success. The 
student who wishes to make a careful study of these objects, 
however, should place them in glycerine, after soaking them in 
potash and thoroughly washing them. They should of course 
be deposited in a cell filled with liquid, and then covered with 
thin glass, and examined. The so-called tongues, etc., of in- 
sects require no potash, being suiticii nlk t ranaparent without 
it, and after being soaked successively in alcohol and turpen- 
tine, they may be mounted in balsam. When wanted for exam- 
ination merely, immerse them in dilute glycerine, and if the 
student can succeed in mounting them in cells, in glycerine or 
some of the gelatinous media lien -after iIi'mtl! ".->!, they will show 
their structure to far better advantage than in balsam. 

In determining the character of what is brought into view by 
the processes detailed, grout aid will be derived from the use 
of chemical tests. Thus, in the case of the potato, previously 
described, most persona who had read anything at all upon such 
•objects, would recognize the starch granules. All starch granules, 
however, are not of tha same form as those found in the potato; 
indeed, some would hardly be recognized at alL except by those 
having considerable experience. But if a little of the tincture 
of iodine be brought into contact with them, they at once be- 
come deeply blue. This subject is too extensive to be dis- 
cussed here, hut those who desire to become proficient in the 
use of the microscope cannot safely neglect it. 

In most cases after an object has been carefully brought into 
mechanical condition, in one of the ways we have de- 
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scribed, it is necessary to immerse it in some suitable 
ho as to render it clear and transparent. The action of such 
media may be very well illustrated by the following experiment: 
Take a short piece of black human hair, place it on a, slide, 
bring it into focus and examine it. It will appear as a dark 
cord with alight line running down the centre, and from this 
circumstance has arisen the erroneous popular idea in regard to 
the tubular structure of hair. Apply a drop of glycerine di- 
luted with on equal bulk of water, and agaiu examine it. The 
appearance will bare outhvly cIjilij^'i'jI, baring become clearer 
and more definite, so that the structure of the hair is more 
easily made out. This effect depends upon the ivfrocting power 
of the liquid used. The following liquids are usually employed 
for this purpose, their efliciency being iu direct ratio to their 
index of refraction, which we append to each. Water, 1.336; 
glacial acetic acid, 1.38; alcohol, 1.372; vitreous humour, 1,340; 
sea-water, 1.343; equal parts of glycerine and water, 1.40; pure 
glycerine, 1.475; oil of turpentine, 1.478; Canada balsam, 
1.532— 1.540; bisulphide of carbon, 1.678; oil of aimis, 1.811. I 
Alcohol and water, and solutions of various salts in water are 
also very useful. "When ft jmre article of glycerine is not avail- 
able, a solution of white sugar nmy be used with good results. 

Great care must be exercised lest the fluid that is added 
should change the form or structure of the object. Upon this 
subject theremarks of 1'rey are very judicious. He says: "Theory 
requires that each constituent of the body should be examined 
in a fluid medium which resembles in respect to quality and 
quantity, the II it id which Katnrnt'-s the living tissue. Naturally 
this requirement cannot be completely fulfilled in practice; oul 
aim should be to approach it as nearly as possible. Saliva, 
vitreous humour, amniotic, liquor, serum and diluted albumen 
are generally recommended as suitable media for the investiga- 
tion of delieato changeable tinsurs, and, iu certain cases, they 
accomplish their object in a satisfactory maimer. But do not 
expect them to suffice for every case. Not uu frequently one 
and the same tissuo of different species of animals reacts differ- 
entlv with the some fluid medium, as may be seen with the 
■°cles. M. Seliultze lias cniniuiniiciited to us on im- 
" proved observation of Landolt's, that ani- 
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•Bowing plenty of time for the alcohol to displace the water, 
and for the turpentine to displace the alcohol; and manipula- 
ting the insect with great care, bo as not to break any of t.he parte. 
Thee yea of insects arc prepared by macerating them in very weak 
potash, and, while still soft, pressing them between two slips of 
gtas. If allowed to harden before being pressed they will 
iplit at the edges. The handsomest preparations of eyes are 
obtained by taking a thin slice from a large eye, such as that 
of i dragon fly, and treating it as directed. 

The feet of insects are in general easily prepared. Moderate 
Making in potash, careful washing in water, thorough soaking 
in ilcohol and turpentine, and careful management in properly 
displaying them on the slide, are the secrets of success. The 
indent who wishes to make a careful study of these objects, 
however, should place them in glyoerine, after soaking them in 
potash and thoroughly washing them. They should of course 
be deposited in a cell filled with liquid, and then covered with 
tain glass, and examined. The so-called tongues, etc., of in- 
Mets require no potash, being sufficiently transparent without 
it, and after being snaked successively in alcohol and turpen- 
tine, they may be mounted in balsam. When wanted forexam- 
uwtion merely, immerse them in dilute glycerine, and if the 
Rodent can succeed in mounting them in cells, in glycerine or 
■ome of the gelatinous media hereafter described, they will show 
fair struoture to far better advantage than in balsam. 

In determining the character of what is brought into view by 
the processes detailed, great aid will be derived from the use 
of chemical tests. Thus, in the case of the potato, previously 
described, most persons who had read anything at all upon such 
subjects, would recognize the starch grannies. All starch granules, 
however, are not of the same form as those found in the potato; 
indeed, some would hardly be recognized at all, except by those 
htving considerable experience. Bat if a little of the tincture 
of iodine bo brought into contact with them, they at once be- 
come deeply blue. This subject is too extensive to be dis- 
cnneed here, but those who desire to become proficient in the 
" he microscope cannot safely neglect it. 

ist oases after an object has been carefully ' 
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bodies which have accid en tally found their way into a prepara- 
tion have been mistakes for part o£ tho specimen. Tho only 
way to avoid similar errors is to exclude- all such intruders by 
means of proper covers, and to become familiar with them bo 
that they may be instantly iveogniwd wlun present. Dr. Beale 
gives the following list as those that ate most apt to find their 
way into the preparations of the microscopist: Oil globules; 
milk; starch from the potato, wheat and rice; bread crumbs; 
feathers; worsted; fibres of flax, cotton and silk of different 
colors; human li air, cut's hair and hair fri.in blankets; the scales 
of butterflies and moths, particularly those from the common 
clothes moth; fibres of wood, fragments of tea leaves, hairs 
from plants, vegetable esdhilar tissue and spiral vessels; particles 
of sand. The curious circumstances under which such bodies 
will find their way into a (specimen was recently illustrated in the 
author's experience. Is a liquid submitted for examination, 
and said to bo pure, he found foreign matter. It proved to be 
brick dust, used to clean the tin funnel with which the vessel 
was filled, and which had been washed in by the passago of 
the fluid. Tho student can have no better exorcise than to 
examine these intruders and familiarize himself with their ap- 
pearance. 

Preservative Processes.— The object of all preserva- 
tive processes is to prevent any change either in the structure 
or composition of the object. An object may bo most perfectly 
prepared and beautifully mounted, but if it be not so treated 
as to preserve it from ehan;;u, tin.' hi bur thus expended is wasted, 
as regards the preservation of n permanent record. And yet 
how many objects there are that we would like to keep for 
future examination and comparison, or to show to friends. 
This department of the treatment of objects is, therefore, of 
great importance, and success in it can only be obtained 
through a thorough understanding of the principles involved. 
There are four methods in common use for the preservation 
■ishable animal and vegetable substances: 1, Constant ex- 
■nipL-riituie considerably below the freezing point of 
■erfect exclusion of air; 3, reduction to a state of 
uid i, the employment of certain anti-septic 
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compound. The third and fourth are the methods usually em- 
ployed in microscopy, but the same principles which render the 
second method so successful in the preservation of canned fruits 
and meats, deserve the attention of the microscopist. 

Drying, as a preservative process, can be applied to but few 
specimens, chiefly transparent insect preparations, and opaque 
objects. Blood and similar matters are also sometimes pre- 
served by drying. Such preparations are so easily dried that 
no special directions are needed. Warming them over a lamp, 
or preferably on a water-bath, before applying the thin glass 
cover (as directed in the section on mounting objects) is al- 
most always sufficient. Where the specimen is liable to be in- 
jured by heat it may be dried by placing it over sulphuric acid, 
and covering both acid and preparation with a bell jar having 
ground edges and resting on a perfectly flat plate of glass. The 
acid soon absorbs all the moisture and renders the object perfectly 
dry. Where a cell is used for an opaque object, and dryness is 
essential, great care must be taken to make the cell impervious 
to air, otherwise dampness will be sure to penetrate, and if the 
object be of animal or vegetable origin, fungi will be very apt to 
grow on it. We have found cells of cardboard peculiarly 
liable to this defect, and such cells should always be thoroughly 
saturated, and coated with varnish, such as gold size or Canada 
balsam. 

The great dependence of the microscopist, however, is in the 
employment of certain preservative media, of the most impor- 
tant of which, the following is a list: 

Canada Balsam. — Of all the media employed for the mount- 
ing and preservation of objects, Canada balsam is undoubtedly 
the most generally useful, and it is probable that more objects are 
mounted in this material than in all the other media put together. 
As a preservative it is perfect, and its action in rendering many 
objects transparent and clear is often of great value. Frey tells 
us that " several sorts of Canada balsam occur in commerce. 
To be good it should be of thick consistence, nearly colorless, 
and thoroughly transparent." One difficulty, however, is that 
much of the Canada balsam that is sold is factitious, being 
made of cheap resins dissolved in impure turpentine. Such 



balsam soon becomes cloudy, and is very apt to crock. Balsam 
that is too highly colored may bo hi lached bj en [insure to sun- 
light — a process applied by most opticians to the balsam nsed 
by them 1'or cementing the lenses of achromatic combinations. 
Balsam when new is qnito fluid, too much so, indeed, for the 
mounting of most objects. On the other baud, old balsam ia 
thick, and ia apt to crack. Mieroseopists generally keep balsam 
in wide-mouthed bottles, and take out what is wanted by means 
of a glass rod. As the process of evaporation, which makes 
balsam thick and viscid, goes on more slowly in narrow -mouthed 
bottles, we prefer the latter, and transfer the balsam to the glass 
Blide by means of a fine wire with a small loop fit the end. The 
wire is passed through a cork, or preferably a wooden stopper, 
and descends to such a depth as to be just below the surface of 
the balsam. As the latter is used up, the wire is pushed down, 
and if cemented in iia place by the balsam, u little heat soon frees 
it. The latter remark applies also to the wooden stopper, which 
is very apt to stick iu the neck of the bottle. A very slight ex- 
posure to the flame of a spirit lamp is sufficient to loosen it. 

Soltttjon of Bamam. — When the objects that are to be pre- 
served in balsam would be injured by the heat necessary to 
melt it, it isadvisalde to use a solution of balsam in ether or 
chloroform. The lull sain us. d for milking the solution shonld be 
old and thick, This solution is frequently sold with the label, 
"Balsam for use without heat." 



Colophons. — Thiersch recommends a solution of resin or 
colophony in absolute alcohol. The advantage which this ma- 
terial presents is that the preparation maybe placed in it di- 
rectly from the absolute alcohol, without becoming cloudy, 
and without prejudice to the durability of the specimen. He 
advises the mieroseopist to prepare the colophony himself from 
Venice turpentine, which is done by dissolving it in an equal 
volume of ether, filtering it through paper, aud evaporating, 
a cold, it breaks with a conchoidal fracture. The 
■hen to bo dissolved in absolute alco- 
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Damab Medium. — Gum damar has been recently introduced 
amongBt the materials used by microeoopists, and with some it 
has found great favor. Carpenter speaks highly of it. Dia- 
toms are said to show better in it than in balsam, and for 
delicate physiological preparations, especially transparent in- 
jections, it is very excellent. It is thus prepared: Half an 
ounce of gum damar is dissolved in one ounce of oil of turpen- 
tine, and half an ounce of gum mastic in two ounces of chloro- 
form. The solutions are filtered and mixed. 

Ordinary damar varnish, such as is used by painters, is some- 
times sold for microscopical purposes, but it does not give 
satisfactory results. 

Preparations which have been preserved and mounted in 
balsam or damar are very durable, while those that are 
mounted in fluids are a source of continual annoyance and loss. 
Many microscopists, therefore, exclude from their cabinets 
all preparations mounted in liquid on the ground that sooner 
or later they will become worthless. And many of our best 
dealers refuse to have anything to do with them. Neverthe- 
less, as Frey well says, " the natural condition of the tissues is 
completely represented only when mounted in a moist condi- 
tion. This method permits of the most accurate recognition of 
delicate textural relations, pale cells and fibres, etc., and should 
not be omitted with any tissue in the production of histologi- 
cal collections." 

Glycerine. — At the head of the list of preservative media 
for moist preparations stands glycerine. "Its strong refrac- 
tive power, its property of combining with water, and of at- 
tracting the same from the atmosphere, render it an invalua- 
ble medium for mounting animal tissues containing water. 
It may be truly said, that what Canada balsam is to 'dry tissues, 
glycerine is to moist ones." — (Frey.) Much of the glycerine in 
market is very impure, and although the impurities do not 
show themselves very strongly at first, they soon become mani- 
fest by the darkening of the liquid, (owing probably to the 
presence of lead), and the formation of a cloudy precipitate. 
Dr. Beale strongly recommends Price's glycerine, and we havo 
found it very excellent. 




WUen employed as a preservative, f 
pure or diluted, according to circumstances. Equal parts of 
glycerine and water form a very excellent medium for most 
objects. It is alleged, however, that fungi are very apt to grow 
iu glycerine and its solutions. We are inclined to believe 
Unit this may be avoided by adopting the precaution detailed 
at the I'lul of this section. We have now before us specimens 
that were mounted in pure glycerine and water, eighteen years 
ago, and they are still quite perfect. If, however, there should 
bonny danger in this direction, the addition of a little camphor 
will prevent the evil. Glycerine eierts a powerfully solvent 
action on many salts, particularly sidts of lime, such as the ear- 
bouafce, and hisuoe it is employed for preventing scale in the 
boilers of steam- engines. This property renders it dangerous 
to use it for the preservation of structures containing com- 
pimmlH of lime. 

OLvenniNB Jki.i.V,— The original directions given by Law- 
runeo are as follows: "Take any quantity of Nelson's gelatine, 
(any good gelatine will answer, however,) and let it soak for 
two or three hours in cold water; pour off the superfluous 
water, and heat the soaked gelatine until molted. To each 
fluid ouueo of the gelatine add one drachm of alcohol, and mil 
well; then add a fluid draebmof the white of an egg. Mix 
well while the gelatine is fluid but cool. Now boil until the 
albumen coagulates, and the gehitiuo is quite clear. Filter 
through tine flannel, and to each fluid ounce of the clarified 
gelatine add six fluid drachms of Price's pure glycerine, and 
mix well. For the six fluid drachms of glycerine a mixture of 
two parts of glycerine to four of camphor water may be sub- 
stituted. " 

Glycerine jelly is a very excellent medium, and is easily used. 
At ordinary temperatures it is quite solid, but when slightly 
heated it melis, and may be used lite balsam, directions for 
mounting in which will be found in the next section. Objects 
that are to be mounted in glycerine jelly should be soaked 
until thoroughly saturated with a mixture of 7 parts glycerine, 
i.l 1 part alcohol. It is also well, after ii 

1 jelly, to place the slide for a short time 



on« water b 
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ir bath heated to nbont 125^ Fall. The jelly then pen- 
etrates every part of the preparation. 

When intended for use in very warm climates the proportion 
of the gelatine to the other ingredients should be increased. 

Hastzsch's Fluid. — Very beautiful preparations of delicate 
vegetable forms have been prepared with this liquid, even the 
coloring matter being left unaltered. It consists of 3 parts of 
pure alcohol, 2 parts of distilled water and one part of glycer- 
ine. The object, placed in a cell, is covered with a drop of 
this liquid, and then set aside under a bell-glass. Tiie alcohol 
and water soon evaporate, so that the glycerine alone is left, 
and another drop of the liquid is then to be added, and n 
second evaporation permitted; the process being repeated if 
oeoeflsary, until enough glycerine is left to fill the cell, 
whicli i s then to be covered and closed in. the usual manner. 
We have used this liquid with gratifying success. It is easily 
Prepared, is not difficult to use, and it gives very excellent re- 
enlls. 

Glicejuhe and Gnu. — Of this medium Carpenter says: "For 
many objects that would be injured by the small amount of bent 
required to melt Deane's gelntino or glycerine jelly, the gly- 
cerine and gum medium of Mr. Fnrrants will be found very 
useful. This is made by dissolving i parts by weight of picked 
pun ftrabic in 4 parts of cold distilled water, and adding 2parts 
°f glycerine. The solution must be made without the aid of 
heat, the mixture being occasionally stirred, but not shaken, 
whilst it is proceeding: after it has been completed, the liquid 
should be strained (if not perfectly free from impurity) through 
fine cambric previously well washed out by a current of clear 
oold Water; and it should be kept in a bottle closed with a glass 
stopper or cap (not with cork), containing a small piece of 
cawphor. The great advantage of this medium is that it can 
be used cold, and yet soon viscifies without cracking; it is well 
suited to preserve delicate animal as well as vegetable tissues, 
"Dd inmost cases it increases their transparency. 

Dbake's Gelatine. — Before the introductior -"ine 

jelly, Deane's gelatine was a favorite medium, I 
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it with success. Take gelatine, 1 ounce; honey, 5 onnces £ 
■water, 5 ounces; rectified spirit, i ounce; creosote, 6 drops- 
Soak the gelatine in water until soft, and then add it to the 
honey, which has been previously raised to a boiling heat in 
another vessel. Then boil the mixture, and when it has cooled 
somewhat add the creosote mixed with the spirit, lastly, fil- 
ter through fine flannel. When required for use, the bottle 
containing the mixture must be {slightly warmed, and a drop 
placed on the preparation upon the {,'hiss slide, which should 
also be warmed a little. Next, the glass cover, after having 
been breathed upon, is to be laid on with the usual precau- 
tions. The edges may be covered with a canting of Bruns- 
wick blaok. Care must be taken that the surface of the 
drop does not become dry before tho application of the 
glass cover; and the inclusion of ij.ir- bubbles must be carefully 
avoided. 

Alcohol. — Mixed with water in various proportions, aleohol 
forms one of our best preservative liquids, for both animal and 
vegetable substances. The chief objection to it is the difficulty 
with which it is retained in the cell. 

Thwatte's Fluid.— Take water, 1G ounces; alcohol, 1 ounce; 
creosote, sufficient to mil ti irate tho spirit; chalk, as much as may 
be necessary. Mix the creosote and spirit, stir in the chalk 
with the aid of a pestle and'mortar, and let the water be added 
gradually. Next add an equal quantity of water saturated with 
camphor. Allow the mixture to stand for afew days and filter. 
Used for preserving desmidiaa, and also animal substances. 

Beale's Liquid. — Creosote, 3 drachms; wood naphtha, 6 
ounces; distilled water, 6i ounces; chalk, as much as necessary. 
Mil the naphtha and creosote, then add as much prepared 
chalk as may be sufficient to form a thick, smooth paste; after- 
wards add, very gradually, a small quantity of the water, which 
must be well mixed with the other ingredients in a mortar. 
Add two or three small lumps of eamplior, and allow the mix- 
ture to stand in ft lightly covered vessel for a fortnight or three 
weeks with occasional Btirriug. The almost clear supernatant 
fluid may then be poured oil' and filtered if necessary. It should 
sd or stoppered bottles. 
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Goadbt^b Fluids. — Goadby used two distinct fluids, desig- 
nated by letters A and B, the difference being that alum was a 
constituent of one and not of the other. Of both fluids there 
were several degrees of strength, which were designated by 
numbers. A fluid, as usually employed (A2), consisted of rock 
salt, i ounces; alum, 2 ounces; corrosive sublimate, 4 grains; 
boiling water, 2 quirts. To make the B fluid take rock salt, 8 
ounces; corrosive sublimate, 2 grains; boiling water, 1 quart 

Pacini's Fluid. — Take corrosive sublimate, 1 part; pure 
chloride of sodium (common salt), 2 parts; glycerine, 13 parts; 
distilled water, 113 parts. This mixture is allowed to stand for 
at least two months* After that time it is prepared for use by 
mfriTig one part of it with three parts of distilled water, and 
filtering it through filtering paper. This fluid is very strongly 
recommended by Frey. It is used for blood globules, nerves 
and ganglia, the retina, cancer cells, and especially delicate pro- 
teinous tissues. 

Castob On*. — This is used for preserving certain crystals. 
The best cold-drawn castor oil answers the purpose. 

There are a few general rules which we have found essential 
to the successful use of these media, but which are often 
neglected, the result being the ultimate destruction of the 
specimens. One of the most important points is the use of an 
abundance of the medium (we are now talking of preserving, 
not mounting) and the gradual saturation of the object with it. 
A piece of fresh muscle, simply mounted in a shallow cell with 
a drop or two of Goadby's fluid, will spoil in a very short time. 
The same object, properly treated, may be preserved indefin- 
itely. The proper course is to completely immerse the object 
in a considerable quantity of the liquid, and if necessary 
change the liquid several times until the substance to be pre- 
served has been thoroughly subjected to the action of the 
medium. For this purpose the quantity contained in ordinary 
cells is altogether too little; small cups, basins, large watch- 
glasses, etc., are needed. It must be remembered that the sub- 
stance acted upon generally absorbs certain constituents of the 
preserving fluid, and hence the latter is left either very 
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^^flled. For purposes of mere examination and study, 
Taunting is unnecessary, but when the objects are to be kept 
°* future reference it is indispensable. It is true that where 
**to specimens are large they might be kept in bottles in a pre- 
*Grvative fluid, and taken out when wanted. This would be 
*ery inconvenient, however, and with very minute or delicate 
objects it would be almost impracticable. 

There are three modes in which objects are mounted: 1. Dry, 
the object being simply attached to the slide and suitably pro- 
tected. 2. In balsam, the object being immersed in Canada 
balsam, damar medium, copal varnish, or some similar mate- 
rial. 3. In fluid, the object being mounted in some of the pre- 
servative liquids previously described. Specimens may be 
mounted in any of these ways, so as to be viewed either as 
transparent or opaque objects, and the instruments and mate- 
rials required are neither numerous nor expensive. With those 
named in the following list almost any ordinary object may be 
neatly put up, though it is of course to be expected that occa- 
sions will frequently arise when special instruments and 
methods, which are not described by any author, will be 
needed. Experience alone can enable the microscopist to treat 
such cases successfully. 

Slides. — Most objects are mounted between two pieces of 
glass, one of which is called the slide and the other the cover. 
As it is convenient to have these slides all the same size, so that 
they may be easily arranged in cabinets, the Microscopical 
Society of London has adopted a slide three inches long by one 
inch wide as the standard size for use amongst their members, 
and this size has been generally adopted by microscopists 
throughout the world. All the best slides that are found in 
market are of this size, and the microscopist who fails to adopt 
it will be subject to great inconvenience when he desires to ex- 
change objects with others who are pursuing similar studies. 
Several other sizes are employed by the French, most of them 
being quite small (2$ by f and 2$ by £ ), but as these small slides 
are the only ones that can be used with some French micro- 
scopes; — the stages of which are too small to take a slide 3 by 1 — 
they are usually kept in stock by dealers in microscopic appar- 



atus. Small slides have this advantage, that they cost less, and 
take up less room in a cabinet. Large slides look best, and af- 
ford more room for descriptive- labels, which is an important 
point. But since slides 3 by 1 have been adopted by common 
consent, the microscopist who mounts specimens, or who buys 
objects mounted on elides of a different size, commits a mis- 
take for which the advantages offered by the small slides are 
but a slight compensation. The only exceptions to this rule 
are where the objects are too large to be mounted securely on a 
slide of standard size, or where a large number are to be pre- 
pared for the purpi.we of jlinsi rating some special series of in- 
vestigations. It is to be presumed that such a series will never 
be broken up anil separated, and us it will in all probability be 
assigned to its own cabinet, it is sometimes of advantage to 
have it upon slides of a size other than that in common use. 
As the objects com posing such a series will probably be nnm- 
bered and catalogued, there is no necessity for extended de- 
scriptions on the labels, and therefore slides of half the usual 
size (lj by 1) will serve very well. The cabinet may thus be 
reduced in bulk by one-half. We have a special cabinet, illus- 
trative of texlile fibres, mounted upon slides of small size, and 
find it quite convenient. 

The glass from whirl, slides mv cut should be free from air- 
bubbles, scratches and that wavy appearam-e which is due 
either to inequalities in the surface or to irregularities in the 
composition of the glass itself. Ordinary window glass is en- 
tirely unlit for the purpose. The most suitable kind is plate 
glass, the surface of which has been ground aud polished, so as 
to be perfectly even and smooth. Glass of this kind is used for 
looking-glasses and by phoi nyniphera, and when other material 
coidd not be had, we have made very excellent slides out of 
broken looking-glasses and photographer's plates, though it is 
difficult to get the latter thin enough. .Slides of good glass 
are, however, manufactured in quantity and sold at a reason- 
able price, so that under ordinary circumstances it will hardly 
" e microscopic to cutout his own slides. Moreover the 
'old by the dealers have the edges neatly ground, an 
™hich the niicroscopiat will find tedious and trouble- 
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As procured from the mmmfacturers, the slides are always 
thirty, never having been washed after the process of grinding 
and polishing the edges. If this dirt mere soft it would not 
matter ho much, but it is in general hard and gritty — being in 
fact the grinding sand — and the consequence is that the surfaces 
of the slides are very apt to be scratched and injured. There 
is but one firm that exports slides to this country, and they are 
very careless in this respect. Out of a gross of slides it is often 
difficult to find two dozen that are nut s<i scratched as to be 
worthless for the finest class of work. Having procured, the 
slides, however, the first thing to do is to clean and assort 
them. They should be cleaned by being rinsed in water con- 
taining a little wasl ling sodo ; the dirt being removed if neces- 
sary by the use of an old nail brush or tooth brush. Until 
this has been done they should not be wiped with cloth or 
leather, for by so doing the particles of sand are dragged along 
the surface, making a deep mark. They should then he washed 
in pure water, carefully wiped with a soft cloth, and assorted 
for thickness and quality. It is in general best to sort them 
ink' three classes — thick, medium and thin — the latter being 
used for test and other very deb cute ol 'jects. Elaborate instru- 
ments liave been devised for measuring the thickness of the 
slides, so as to assort them accurately, but they are entirely un- 
necessary; the eye is a sum ciently accurate guide. To deter- 
mine their quality, they must be examined under the micro- 
scope, and as itis. only the central portion that is of any con- 
sequence in this case, we place them on a brass plate, 3 by 1, 
with the edges slightly turned up, and having a hole lire- 
eighths of an inch in diameter in the centre. That part which 
lies over the hole is the only part which it is necessary to ex- 
amine. Slides which contain air-bubbles, stria; or scratches, 
are at once laid aside to bo used either for opaque objects or 
those of a very coarse kind. Those that are perfect are care- 
fully stored away where they will not be subject to injury. 

Covers. — After being properly arranged on the sbde with a 
suitable preservative medium, the objects must be covered with 
a small piece of thin glass. Glass intended specially for this 
made in England, and imported either in slv 
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cut into squares anil circles of suitable sizes. Directions for 
cutting these covers would be out of place here. The beginner 
will always fiuil it most economical to buy them ready oat. Of 
the two kinds — round and square — the former are, for all ordi- 
nary purposes, the most convenient, as covers of this shape are 
beat suited to cells made with the turn-table, and they may also 
be finished more easily and neatly than the square ones. 

Covers should lie carefully assorted for thickness, since the 
thickness of the cover exerts a material influence oil the per- 
formance of idl lenses except those of the lowest power or 
quality. Where objective!* which do not adjust for thickness of 
cover are employed, the mieroseopist should find out the exact 
thickness to which they have been corrected by the maker, and 
use glass of this thickness in covering nil objects that are to be 
examined by means of these lenses. 

The inexperienced student will be apt to find some difficulty 
in cleaning these covers. They are so fragile that it is difficult 
to rub them, so as to remove dirt, without breaking them. 
The best method is to soak them in a weak solution of potash, 
rinse them off carefully several times with clean water, and after 
pouring the last water off, give them a final rinsing by taking 
them up in a pair of forceps and moving them about in a tum- 
bler of clean water. They should then be laid (singly, of 
course) on a wiping block and wiped. Wiping blocks are made 
by covering a flat block of wood with chamois leather or linen, 
drawn tightly bo as to present a flat but somewhat soft surface. 
These blocks are generally made round and with handles, but we 
prefer them oblong (4 by 1 i inches) and without handles. One 
of them is laid on the table face up; upon this face the thin 
glass is laid and wiped with the other block. In this way the 
thinnest glnSH can he eleuned without risk of fracture. 

Cklxs— Tubs-Table. — All objects that are mounted dry or in 
fluid should be placed in cells, us unless this is done it is dif- 
ficult to arrange the object properly or to secure the thin cover 
mtly. In tbe majority of eases these cells consist of 
. Of cement kid on the glass slide and 
leu, iiinl their depth does not exceed tbe thick- 
I paper, Such cells are in constant dex 
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and are almost always made by the mieroscopist himself by 
means of a little instrument known as a tum-tahh or whirling 
table, of which there are several different forms in market. A 
cheap and efficient form is shown in Fig. (>'}. The table ia sup- 
ported by a spindle upon which it turns, motion being com- 
municated by means of a milled ring. The slide is held in ita 
place by two spring clips, and it ia brought to the centre by 
means of a guide or bar, c, with a square projection. This is 
carefully arranged, so that a slide 3 by 1 slndl be accurately 
centered. Hence, it. fiillmv.s Unit the rings and cells on all the 
slides put up by tho owner may bo instantly and accurately 







centered by simply placing them on the table and bringing 
them up to a firm bearing against the guide. This bar or 
guide may, however, be instantly removed when desired, and 
when thin is done, any cell may be truly centered by the usual 
methods. This turn-table, therefore, enables us always to bring 
cells of our own make instantly to a perfeetly accurate centre, 
while other cells can be centered at any time with very little 
trouble. 

To most turn-tables there lies the objection that the devices 
for centering and holding the slide make one side heavier than 
the other, and coiisiXiiiouUy, as every mechanic knows, ii 
lar and eccentric moticu is the result. On many o 
well-made iuatnimeutsit is, from thiscause, impossible ton 
■ft, particularly if we attempt to work at a 1 " 
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Fig. 64.— ximne't) tdbn-table. 
(Upper Bide.) 




Fig. 65.— kinne's turn-table. 
(Under side.) 



^ e clutches can grasp 
**y piece of glass from 
* to 3$ inches in diag- 

? 0a l length, and the 
^b] e ^ made of brass 

.^ont a quarter of an 

Xt *Qli thick, which gives 

^^ight sufficient to se-* 

°^Ure stability of move- 
ment The whole rests 

°** a small spindle 4 or 

~ inches long, screwed 

x **to the centre of the 

Wass stud, which is the 

fulcrum of the lever, 

and can be removed at 

'pleasure to pack away. 

Ihe pointed lower end 

of the spindle is stepped 

into a counter-sunk 

metal rest, and with a collar placed at a suitable distance above 
to allow of free movement of the hand, I find that a steady 
motion can be obtained with the thumb and finger, of any re- 
quired velocity, and is under greater control than with any 
milled-head device." 

Mr. Kinne suggests a very simple method of constructing a 
home-made table on this plan: " The spindle can be fitted into 
any appliance, primitive or expensive, at the option of the 
worker, and I find that an old cigar box, with a portion of one 
end removed, is just as useful as anything else, though if made 
for sale, a cheap varnished box could be furnished, and in 
which the table and spindle could be packed when desired. If 
fitted up with the cast iron stand, the whole might present a 
neater appearance, but the additional expense would not add to 
its utility." 

Slides which have been imperfectly centered on other +«w«« 
are reoentered for varnishing by the use of two rectang 1 
angles and a little wedge. The inventor uses the con 
broken slide and a piece of match. 




grasped by two angle-pieces, ■which are simultaneously moved 
to and from tlie centre by means of a right ami left hand 
screw. Wlien it is desired to re-varnish slides ■which have 
not been accurately centered in the first place, a pair of spring 
clips, attached to a stout bar, are fastened on. This can be 
effected in an instant. The arrangement is shown, in Fig. G7. 
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toe dutches, thus allowing the long sides to lie parallel to each 
other, and at equal distances from the centre. A slide may 
thus be grasped between them, and pushed along longitudin- 
ally, as may be desired. 

Those who once see a turn-table, will find no difficulty either 
in. understanding the method of using it, or in putting this^ 
knowledge into practice. The slide, being held on the table 
either by springs or clutches, is made to revolve rapidly, and a 
brush, charged with cement or varnish, is held against its sur- 
face so as to leave a ring. There is a slight knack about making 
good cells, which it requires a little practice to acquire. The 
brush must be held in the direction of a tangent to the ring — 
that is, it must not point to the centre of the circle, but must 
lie so that the ring, as it revolves, will draw the cement away 
from the brush. Practice alone can give expertness in doing 
this, and we would advise the beginner to work steadily for a 
few hours at making cells on pieces of common window glass, 
strips of which can be had for nothing from any glazier. The 
chief points to be attended to are the position of the brush and 
the consistence of the cement. If the latter be too fluid, it 
spreads and does not form a well-defined circle. If too thick 
it does not leave the brush as freely as is necessary. The 
method of preparing the cement will be explained under the 
proper head. 




Fig. 68. 

Where a turn-table is not at hand, very good cells may be 
made as follows: On a card draw the outlines of a slid 
series of circles in the centre, as shown in Fig, ' 
slide on the card so that the centre of the circles will 
centre of the elide, and then paint a cLccta oi cam* 
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alide by hand, the rings boneath Berving as a guide. Very go -*=Z>w 
cells may be thus made, but the process is of course nu^z» or 
tedious than tliat with the turn-table, and does not give as uc» _*ain 
results. 

A few precautious are necessary in order to insure the p* ^c^ae, 
maneut adhesion of the culls to the glass. In addition to pn «zgin 
vidiug cement of good quality, we must see that the slide J "~~> : 
dry and recently heated. It is difficult, with most oements, ._ i, t 
use hoi slides, as the cement is apt to llow; but the slide shocw" -"ill 
hare been recently heated, and after the cement has partis^* _iall 
hardened, the cells should In; baked by exposure to a temp«=3Jer 
ature as high as they will stand. This is easily done by plaar =^zzrinj 
them on a board or plate, and leaving the latter for a nix. -ton 

Where cells of greater dei>th ore required, rings of van Sous 
materials are cemented to the slide. For objects mounted c 
rings of leather or cardboard answer well, provided they 

carefully varnished bo us to be impervious to air and moisti rare. 

For liquids, rings of glass, tin, ebonite, etc., are used. BE- nga 
of rubber and gutta-percha have been suggested, but they do 
not answer, as they soon become rotteu. Full directions lor 
making and usi u»- rfoi-p cells maybe found in the works* of 
Quekett, Carpenter, Beale, Frey, etc. 

Hot-Plate.— This is simply a stout plate of braes or iro», 
which is supported over a lamp by suitable means. The cc""" 
moil plan is to insert four stout wires to serve aa legs, hut » 
better mode is to support the plate on the ring of u retort 
stand, as its distance from the lamp can thus be readily av*3' 
justed and the temperature regulated. The hot-plate serves 
distribute the heat, and thus to prevent the slides from becOE* 3- 
iug suddenly aud unequally heated. Moreover, by m 

1 slides can bo heated at once, and thus much tir£** 
e saved. It should be tolerably heavy. The on 

i, nix inches loug and three inches wide. Tt»* 

e has been ground so as to be tolerably smoott*' 

hot-plate is not at hand, a good substitute may t* c 

imooth brick, or, better still, a plate of soapBton& 

ieated iu the the and will retain their heat for * 
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IiAMP. — Any lamp, or even candle, will answer, bnt we prefer 
a spirit lamp, the flame being free from smoke and easily man- 
aged. At night the kerosene lamp used for giving light will 
answer. Where gas is used, the Bunsen burner is a great con- 
venience. Whatever lamp or burner be used, it should be sur- 
rounded with a chimney or shade, so as to prevent the flicker- 
ing of the flame by currents of air. The best shade is a tin 
cylinder, with rows of holes at top and bottom for the admis- 
sion and exit of air. 

Betort Stand. — a. suitable retort stand is a very simple 
affair, and is best made at home. Ours consists of a board of 
hard wood, 5 inches by 4, into which is screwed a rod fourteen 
inches long, and a quarter of an inch in diameter. The rings 
have no screws, but are simply pieces of wire, one end of which 
is twisted round the rod, while the other is formed into a ring 
of the required size. Rings formed in this way are easily 
moved on the upright rod, but no weight placed on them in 
the usual manner can cause them to slip down. 

Cards for Centering the Objects. — Unless the objects 
are placed on the centres of the slides, the latter have a very 
awkward look. By drawing the outlines of a slide on a card, 
and marking out the centre, this difficulty is easily overcome. 
A card marked off in this way is shown in Fig. 69. 




Fig. 69. 

It is well to have two cards, one black with a white centre, 
^*id the other white with a black centre, as some objects, when 
"-^nmersed in the medium in which. t\ie^y acts* \.o\ifc\&syss&fcft^ 
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l^et against a dark ground, while others i 
O* .-guiust a light one. Those who use thi 



i most easily 
' |fc guinst ft light one. Those who use the self -centering 
«••** j^uKamay readily centre their slides by painting on them 
ttt^" ^ of some water-color, which ia easily washed off. The 
* f* 1 **^,. of course, hud on the side opposite to that which 
ii»K ^tho tfcfcdt 
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IBM V ti'les.— Thes 



iimilax to dissecting needles, 



i iiK ttmi in balsam, varaiah and similar substances, they 
'■''.. \,» used {or dissection, and should be kept by them- 

^ 1'tmv nr„ nwi?it »-ilsl1v rl^'iue,! hv hiJinffWflrm^ iww lht\ 



mflv*** -, t l wiped with a piece of soft leather 
laUV tH \ ou them, as recommended by si — 



Ubur 1 ,, ( ,t uftsiW removed. 



When the balsam 
, it leaves a crust 
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— In placing the cover on the object, the 
ordinary forceps are very inconvenient. Wb 
have long used a pair of forceps bent as in 
Fig. TO, and with the points carefully 
adjusted. The mode of using the instrument 
will be obvious from the engraving. A very 
ingenious device intended to answer the same 
purpose has been invented by Dr. Fletcher. 
These forceps are self-closing, so that the 
thin glass cover is held without any effort. 
After the, cover is in position on the slide, 
the blades they open and allow it to Blip out 





' in Fig. 71. 'When using the forceps 
Mae end may he attained by means of a 
<w good as anythiug), which may be 
■»f the instrument. 



Stjdb Holder. — The hot slides cannot lie comfortably held 
in the fingers, awl therefore a pair of wooden forceps become 
a necessity. Those usually sold are mads by screwing together 
two thin slips of wood with a. piece of brass or lead inserted be- 
tween them at one end. To admit the slide, the slips are forced 



stuge forceps. 



apart by pressing on pins arranged as in tin 
When placed on a table the 
metal counter-balances the slide, 
and keeps it from touching the 
surface on which it is laid — a 
very important point. The Eng- 
lish forceps, being all wood, fre- 
quently tip with a heavy slide. 
p A common spring clothes-pin 
is frequently used, but when we 
come to lay the slide down, the 
clothes-pin holds it in an awk- 
ward manner. The end of the 
hot slide is Bure to he on the table, 
and if fluid balsam or other me- 
dium should be present, the fact 
that the slide is not level produces 
bad results. By outting off about 
half an inch from one of the 
limbs of the forceps part of the 
pin, however, this difficulty is 
avoided. The slide may then be 
grasped in such a way that when 
the clothes-pin is placed on the 
table, the glass will be held in a 
perfectly level position. A glance 
at Fig. 72 will show what we 
mean. A great advantage of this 
form of holder is that it costs but a trifle, so that the miero- 
Bcopist can supply himself with an abundance of them, and 
thus several slides may be cooling, while work ou others is 
going on. When very heavy slides are used, it may become 

w a plate of sheet lead to the under side of the 

i to prevent tipping. 
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Water Bath. — A water bath is indispensable in those 
where a oertain very moderate degree of heat is not to be ex- 
oeeded. Few persons fully appreciate the difficulty of regu- 
lating or even estimating the temperature of an object held over 
a naked flame, and mischief is often done before the operator 
is aware of it. A serviceable water bath is easily extemporized 
out of an old fruit can and a small beaker glass. This serves 
for exposing material and preparations to a temperature lower 
than that of boiling water. Where slides are to be so heated, 
the simplest oontrivanoe is a flat tin box, with all the joints 
(oover and all, of course,) tightly soldered. A small tube, 
dosed with a cork, serves to admit the water. 

Spuing Olivh. — One of the first of the needs which impress 
themselves upon the mind of the beginner, is the necessity for 
something to retain the thin oover in its place, until the ce- 
ment, which is intended to hold it permanently, dries. An end- 
less variety of spring dips have been invented fortius purpose, 
but we have never seen anything that we liked better than the 
simple article shown in Fig. 73, and which we have used for 




Fig. 73. 

fifteen years. It consists simply of a piece of brass wire 
bent as in the engraving. The slide being held in the left 
hand, the clip, held by the upper wire, is brought so that the 
projecting part of the ring is placed under the edge of the 
slide. The upper part is then lifted up so as to open the clip, 
which is then slid on to the slide until the vertical point is in 
the right position. When a broader surface than the point of 
th^ ~~ i ~" lq needed, a piece of cork may be stuck on it, and if 
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were should be need for greater pressure than that which the 
spring of the wire affords, this can be obtained by sliding a 
small brass ring on to the clip. 

Various other forms of spring clip have been invented, but 
none that we consider more simple, or that we like better than 
the above, which has this great merit, that any one can make it 
for himafty out of materials that may be obtained at any hard- 
ware store. It most be borne in mind, however, that all clips 
constructed upon this plan are apt to cause a slight displace- 
ment of the object, from the fact that the movement of the 
point is not quite perpendicular. With delicate objects this is 
a matter of importance. The only remedy is to use the end 
pressure of a rod moving in fixed guides. 



S AND VARNISHES. 

A supply of carefully selected cements and varnishes is indis- 
pensable to the microscopist, and it is also well that he should 
understand the nature and properties of the materials used, 
otherwise he will be liable to make gross blunders. Thus, of 
the different articles in use, some are easily mixed with each 
other, while others separate as soon as left to themselves; some 
dry in one'way and some in another. It would require a vol- 
ume to detail the properties of the different substances which 
enter into the composition of the cements used by the micro- 
scopist. We have space for only the following hints, which, 
however, we hope will prove useful. 

Cements become hard in three different ways — cooling, evap- 
oration and oxidation. Shellac, sealing wax, electrical cement, 
etc., when melted by heat, furnish examples of the first pro- 
cess. Shellac and sealing-wax dissolved in alcohol, and asphalt 
and damar dissolved in turpentine, dry by the second process — 
the solvents evaporating and leaving behind the material which 
they had dissolved. Drying oil in all its forms, such as gold 
size, paint, etc., beoomes hard by oxidation — not, as is gener- 
ally supposed, by evaporation. 

In the case of varnishes which dry by the evaporation of 
some of their constituents, it is obvious that if a fresh layer 



be laid over an old one, the old layer will be softened, and 
if there should be any tendency to a vacuum in the cell, 
the softened cement will be unable to resist the outside 
pressure, and will creep in and spoil the object. So, too, 
with varnishes or cements formed chiefly of drying oil or gold 
size. If the different coats be laid on too thickly or too 
rapidly, the pert that is beneath cannot easily harden, but will 
remain for a very long time in a semi-liquid condition. We 
have just removed some brass rings from slides to which they 
were attached four months ago by means of gold size, and 
although the outer surface of the cement was hard and dry, the 
interior was quite liquid, freely soiling the fingers. 

Gold Size.— The most extraordinary recipes have been given 
for the preparation of this cement, which is in reality nothing 
but good linseed oil rendered very drying by the usual 
methods. Gilders frequently make it into a semi-paint by 
adding coloring matter, thus forming a ground of a shade 
similar to the gold they use, and this seems to have misled some 
of our best writers. There is no ochre, litharge, or anything 
of the kind present in good gold size. It does not pay to pre- 
pare gold size in small quantities, and it may be obtained from 
any color dealer. The older it is the better, and it is well, 
therefore, to lay in a good stock, which must be kept carefully 
corked. The working supply should be kept in a small bottle. 
This is the favorite cell making material employed by Dr. Car- 
penter, and it is certainly the most reliable cement we have. 
It adheres firmly to glass, and if laid on in very thin successive 
layers, tolerably deep and very durable cells may be built 
up, but the process requires considerable time, otherwise the 
nnder layers will remain soft. It has this great advantage over 
asphalt, damar, and other cements composed of solid materials 
dissolved in some menstruum, that fresh coats have but very 
slight action on the old layers on which they may be laid. It 
mixes with turpentine, and consequently with most materials 
soluble in turpentine, but when once dry and hard, turpentine, 
*■■ etc., have little or no action on it. It does not 
and therefore cannot be mixed with the 
i alcohol in any of its forms. 
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IhiAcx Japan. — When this can be procured of good quality, 
it makes a very excellent celL It adheres very firmly to the 
glass provided the latter be exposed to a moderate heat after 
the cement has become dry. Black Japan dries up and thick- 
ens when kept, but may be thinned with turpentine. 

Brunswick Black. — This is simply a solution of asphaltum 
in turpentine. Occasionally it is rendered very black by the 
addition of a little lampblack. When good, it makes a very 
excellent cement. Its quality depends chiefly upon the char- 
acter of the asphaltum that is used in its preparation. Now 
there are several varieties of asphaltum in market, the most 
'common kind at the present day being that obtained from coal 
tar. This seems to be entirely unfit for the purpose. The 
proper kind is that which is found native in several parts of the 
World. The two kinds are easily distinguished by their odors. 

• 

ShemiAO. — This well known substance, when dissolved in 
alcohol, forms a varnish or cement of great value to the micro- 
scopist, and is the proper one to be used when glycerine is em- 
ployed. Much of the shellac in market is artificially made 
from resin and wax, and makes a poor varnish. Beal shellac 
must be employed if failure would be avoided. 

Bell's Cement. — Carpenter states that this cement is merely 
shellac dissolved in alcohol. With us it has presented no ad- 
vantage over other cements. 
• 

Sealing Wax Vabnish. — This is prepared by dissolving the 
best sealing wax in alcohol. It unfortunately happens that all 
the fancy colored sealing wax in market is of inferior quality. 
Very excellent red wax may be obtained, but we have never 
been able to obtain good blue, black, green or other colored 
Wax. We therefore make varnish of these colors by dissolv- 
ing in alcohol the materials used for making the best red wax, 
Substituting some other color, however, for the vermillion. 

Colored Shellac. — Bleached shellac, dissolved in alcohol, 
and colored with aniline blue, red, etc, makes a very fine trans* 
parent varnish. 



<m 



DAMiE Cement.— This ia a mixture of equal parts o 
varnish and gold Bize, mixed together. It should stand for 
some time before being used. It is said to be very excellent. 
It is very tough, and serves well as an outer coating c 
brittle cements as shellac and sealing wax varnish. 
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Mahine Glue. — This is undoubtedly the strongest c 
in use for joining pkros of glass or glass and metal together 
Skilful nncroscupisls make great use of it; beginners do not 
find it so easy to manage as some others. In. using it, the 
simplest method is to cut it in small pieces, lay it on one of the 
surfaces that are to be joined, melt it by heat, and apply the 
other surface, making sure of perfect contact by rubbing the 
two pieces upon each other, if they will allow of it. Marine 
glue may be obtained from most dealers ia microscopes. 

The cement known as liquid glue, is simply a solution of 
shellac in alcohol. 

For attaching labels, paper covers, etc., to the slides, nothing 
is better than good dextrine. After having mixed the dextrine 
with water to the proper consistence, add six drops of glycer- 
ine to the fluid ounce of dextrine. This will prevent the labels 
or covers from cracking off. 

Having provided himself with the necessary tools and mater- 
ials, the next step is to learn how to use and apply them, and this 
will probably be most easily taught by describing a few char- 
acteristic examples. And first of all, selecting the most easily 
mounted of all objects, we commence with the scales on the 
butterfly's wings. Having prepared a cell of proper Bize", and 
allowed it to dry, the first step is to select a cover to suit it, 
and give a final cleaning to both slide and cover. When every 
particle of dust has been removed, breathe gently on the slide, 
and press the wing lightly against it, and within the cell. A 
) number of scales will at once adhere to the slide, and 
:t step is to attach the cover. Place the slide on the hot- 
"l must not be too hot, however,) and when it is 
ighly dry, and the cement somewhat soft, lay the cover 
is of the cover forceps. Press it into contact with 
and the operation is compk'ted. It is not difficult 
i cover and the cement are in perfect contact. 
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and great care mustl>e taken to close the cell all round in this 
way. It is true, this point is not of so much consequence with 
the particular object under consideration, but with some ob- 
jects it would be quite important. The scales are now mounted 
dry, and may be kept for any length of time; no dust can soil 
them, and they are not liable to be injured by contact with 
other bodies. It only remains to label and " finish " the slide 
as hereafter directed. 

Next to the above in simplicity is the mounting of such ob- 
jects as the wings of insects in balsam. Suppose we wish to 
mount one of the smaller wings of a bee or wasp, so as to show 
the curious hooks with which it is armed: Place the warm slide 
on the centering card, drop a little balsam on the centre, and 
again warm the slide, so that any air that may be present may 
collect in fine bubbles which can be removed by means of a 
cold mounting needle. When the air-bubbles have been re- 
moved, seize the wing (previously well cleaned with a camel 
hair brush) with a pair of fine forceps, and lower the tip of it 
i nto the warm balsam. Then slowly lower the wing until it is en- 
tirely immersed. Drop, very little more balsam on it, warm 
the slide again (slightly this time), and remove air bubbles if 
there should be any. Then take a clean cover in the cover for- 
ceps, make it quite warm, and place it over the object by allow- 
ing it to first touch one edge of tbe balsam, and then to grad- 
ually fall down so as to exclude all air bubbles. In the case 
of the bee's wing it does not answer to apply much pressure as 
this would tend to distort the hooks. Press the cover into 
place as much as it will bear and no more, lay the slide in a 
warm place for some time until the balsam hardens, and then 
clean and finish the slide. 

In mounting objects in balsam and fluids, the great difficulty 
to be encountered is the presence of air bubbles. Careful and 
j udicious management, however, readily enables us to avoid 
them. In the first place see that they are entirely removed 
from the balsam on the slide. This is much more easily done 
before immersing the object in the balsam then afterwards. 
Next see that the air is expelled from the object T ~ *^^ case 
of the wing, this is effected by slowly immersii - 

the balsam. Lastly see that no air enters witl 



do this see tliat tlie cover is hot, anil that it is towered on tlw 
balsam slowly, and from one side. I! in any case there should 
be a vacant space under the cover as at a Pig. 74, and it should 
be desired to fill it, do not apply the fresh balsam directly at a. 

To ilo an would t^rlniutv l-c i<> incLw a large air bubble. Drop 
the balsam at h, warm the slide, and the balsam will creep in by 
capillary attraction, and expel the air. 
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Fig. 74. 

Let us now suppose that we have some small insect which 
we have prepared by soaking in potash, and which we desire 
to mount in balsam. Such a preparation if immersed directly 
in balsam, would be spoilt, since the balsam and watery solu- 
tion would not mix. Therefore, proceed as follows: Wash the 
insect in pure water, aud drain off the water; wash with strong 
alcohol, drain off the alcohol, and soak for twenty-four hours 
in the strongest alcohol you can get. Pour off the alcohol and 
soak for twenty-four hours in turpentine. The object may 
now be immersed hi balsam without difficulty. 

Air pumps and similar contrivances are generally recom- 
mended as the best means for removing air bubbles, but we 
never use them. If the object be dry, we soak it in alcohol 
until all the air has been expelled, then transfer to turpentine, 
and finally to balsam. This requires time, it is true but it does not 
occupy the time of the niicroscopist. Tho soaking process 
goes on without any attention from him, and while it involves 
far less labor, with us it has always given far better results, 
we have used very fine air pumps, and followed the 
directions. Take the case of a dry shaving of 
oh are well worth mounting. It would b< 
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Very laborious to get the air out of this by means of the air 
pump, while by soaking sneiVKsiwly in water, alcohol, anil tur- 
pentine, it can be mounted with great ease without a bubble. 

Let us now take the case of an object mounted in fluid in a 
cell. Suppose it is the so-called tongue of a fly, which of course 
has been soaked for some time in the liquid in which it is to be 
finally mounted,, viz., dilate glycerine. Wemakeacellof suita- 
ble thickness, which in this case may be made with shellac 
dissolved in alcohol. Several coats will be required, and as 
shellac alone does not adhere: well to glass, we prefer to lay ou 
first a coat of gold size or Japan, and when this is thoroughly 
dry, to lay tho shellac on it. No difficulty will be found in 
making a cell of sufficient depth. The cell is now to be filled 
with the liquid, the object placed in it, and the whole carefully 
examined, for id r bubbles, which must 1»: removed if they exist. 
The cover is now applied, all superfluous fluid removed by 
means of a camel hair pencil, which has been moisteued and 
then squeezed dry, and finally the edge of the cover is to be 
coated with a thin layer of cement. After a day or so another 
layer of cement should be laid on, and this process repeated 
until at least throe layers have been applied. 

"We give no directions for the construction and use of very 
deep cells as this is work that will hardly be attempted by be- 
ginners. 

When opaque objects are to be mounted either in balsam, or 
in fluid, the process required is the same as that employed for 
transparent objects. Very many opaque objects are, however, 
mounted dry, and in this case all that is needed is to attach 
them to a slide, and see that they are properly protected. 
When thin they may be readily mounted in cement cells, and 
this is altogether the neatest and most secoro plan where it can 
bis iihtil. Thk'kiT olijccts requin: deeper ct.'lli-, which maybe 
made of card, ebonite or electrical cement, (3 purts resin, and 
1 of wax, colored with ochre or any similar matter). Ceils of 
card are made by first punching out a disc like a gnu wad, 
and then punching a hole in this so as to leave a ring. The 
ring is to be cemented to the glass slide and carefulr" — 
nished. 

Wooden slides with a cell bored in the centre, ax 
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glass slide. A brass ring, of which the interior is the same size 
as the disc, is then attached to the slide, and the object is fixed 
to the wax by slightly moistening the surface of the latter by a 
minute drop of turpentine. When dry, a cover, which exactly 
fits into the bevel of the ring, is attached with a little cement, 
and the whole may then be finished off on the turn-table. The 
appearance is very elegant, and the specimens are perfectly pre- 
served. 

A cell which we have found very durable, easily and quickly 
made, and very neat, is constructed as follows: Having pro- 
cured some good gold size and pure litharge, grind the latter 
to a very fine powder. Mix the litharge and gold size to the 
thickness of cream, and color either black or dark olive by 
adding lamp-black. With this paint, as it may be called, make 
as many cells as are wanted, and when made, dust finely pow- 
dered litharge over them until they are covered a sixteenth of 
an inch deep; allow them to stand a few minutes, and then 
shake off all the loose litharge by means of a few smart taps. 
The surface of the cell will now be quite rough. Allow it to 
stand a few hours, and then press it against a plate of glass. If 
this be done carefully, a smooth, solid ring will be left on the 
slide. If the edges should not be as smooth as they ought to 
be, it is easy to trim them off on the turn-table by means of a 
small chisel. Such cells, after a few weeks, become very hard, 
and may be finished so as to be very neat. By introducing a 
few obvious and unimportant modifications, we have, in this 
way, made cells of some depth which held liquids quite well. 

Finishing the Slides.— After the objects have been 
mounted, the slides may be finished in one of two ways: they ' 
may be covered with paper, or they may be left without any ' 
covering, the labels being attached directly to the slide. In \ 
the latter case the edges of the slide must have been previously 
ground and polished, and, as a general rule the thin cover is 
circular and not square, and is finished with a neat coat of var- 
nish on the edge. This varnish serves to do something more 
than merely ornament the slide; it secures the cot 
place, and prevents the drying up of the mediui 
mounting. Even in the oase of Canada balsam it is • 
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ewipiioyed 3ar Imshxag trains in this way is •* 
acjeeas oaring: bean, nawnfted, eke slides ire bi^ 
TgtiT fine balsam* eemesiiw ettL. ka\*e been hardened, whs** 
a£E iQ^er&noixs matters • j£ tots kind are parity removed with ** 
small dose! smde one of a brad-awl growad tkm and sharp. ^Jl 
snail dnsei-pciiified piece of bard wood, and a little water, vif^ 
remov* the last traces of balsam or Tarnish, and if necessary s**^ 
final rffanfrrg ma y be given with a rag moiatened with alcohol ^^, 
The slide is then placed on the trim table, and a neat ring o*^ 
Tarnish, either plain or colored, is ran around the edge. 

The proper labeling of the siidea is an important matter. 
Oar system is as follows: As soon as the object ia mounted, the 
slide is labeled on the mkr $i&> with a Terr thin gammed 
label, and it is abo numbered on the upper side with a writing 
diamond. Of this number a record is kept, so that even if the 
label should fall off or get soaked off, a new label may be pro- 
Tided. As soon as the slide is finished, the regular label is 
attached, and the small label removed. As regards designs, 
etc., for labels, the variety is endless. Each miorosoopist will 
probably select the one that accords most nearly with his own 
taste. 



The M altwood Finder.— This is a most important ac- 
cessory to every microscope, as it not only facilitates inter- 
change of notes between 
microscopists living at a dis- 
tance from each other, but 
it enables observers to make 
sure of the identity of the 
objects under examination 
at different times. It con- 
sists of a glass slip, a little Fig " * 9 * 
wider than an ordinary slide, 

whioh is a photograph occupying a space 1 by 1 inch. 
» is divided into 2,500 squares (50 divisions on each 
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side) and each of these small squares is designated by two 

numbers, one of which indicates its position from bottom to 

top, while the other marks its position from right to left. Thus 

the square which lies on the tenth line from the bottom, and 

the fifteenth from the right hand side, would be J J. Placing 

on the stage an object mounted on an ordinary slide, with its 

lower edge against a ledge of some kind, and its left hand edge 

against a stop (the stop and ledge being movable as regards the 

stage), we bring some particular spot into view. Removing the 

slide, we now place the finder in its place, and read off the 

double number. It is now evident that if at any future time 

we should place the under against the ledge and stop, and bring 

the same number into view, then on removing the finder and 

placing the slide on the stage, the precise spot originally under 

examination will be in view. We can therefore easily register 

anything of interest, and so be certain of finding it at any 

future time. 

The finder cannot be used with microscopes fitted with dips 
only. An object-carrier, provided with a ledge and stop, must 
be used. Such object-carrier may either be the usual form of 
the glass stage, or, with the plain stage, a thin plate of brass 
with a hole, in the centre, a stop at one end, and a ledge at one; 
edge, may be made to answer. 

Hitherto the Maltwood finders have been made only by one* 
firm in London. They are now made in this country, however,, 
very successfully. A dozen which we recently examined did 
not vary as much amongst themselves as those obtained foomi 
London. 
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Books and Periodicals 

PUBLISHED AND FOR SALE BY 

THE INDUSTRIAL PUBLICATION COMPANY, 

Id Dey Street, New York. 

3&§~Any of these Books may be obtained from any Bookseller 
or Newsdealer, or will be sent Free by mail to any part of the 
United States or Canada ON RECEIPT OF PRICE. 



Trie Amateur's Handbook of Practical Information, 

For the Workshop and the Laboratory. Second Edition. 
Greatly Enlarged. Neatly Bound - - 15 cents. 

This is a handy little book, containing just the information needed 
by Amateurs in the Workshop and Laboratory. Directions for 
making Alloys, Fusible Metals, Cements, Glues, etc.; and for Solder* 
ing, Brazing, Lacquering, Bronzing, Staining and Polishing Wood, 
Tempering Tools, Cutting and Working Glass, Varnishing, Silvering, 
Gilding, Preparing Skins, etc., etc. 

The New Edition contains extended directions for preparing Polish- 
ing Powders, Freezing Mixtures, Colored Lights for tableaux, Solu- 
tions for rendering ladies' dresses incombustible, etc. There has also 
been added a very large number of new and valuable receipts. 

Rhymes of Science: Wise and Otherwise. 

By O. W. Holmes, Bret Hart, Ingoldsby, Pro' 

\. Prof. J. W. McQ. Eankine, Hon. B. W. Bayi 

others. 
With Illustrations. Cloth, Gilt Title. 
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Section Cutting. 

A Practical Guide to the Preparation and Counting 01 
Sections for the Microscope; Special Prominence being 
given to the Subject of Animal Sections. By Sylvester 
Marsh. Eeprinted from the London edition. With 
Illustrations. 12mo., Cloth, Gilt Title. • 75 cents. 

This is undoubtedly the most thorough treatise extant upon section 
Twitting in all its details. The American edition has been greatly 
enlarged by valuable explanatory notes, and also by extended direc- 
tions, illustrated with engravings, for selecting and sharpening 
knives and raaors. 



A Book for Beginners with the Microscope. 

Being an abridgment of " Practical Hints on the Selection 
and Use of the Microscope." By John Phin. Fully illus- 
trated, and neatly and strongly bound in boards. 30 cts. 

This book was prepared for the use of those who, having no know- 
ledge of the use of the microscope, or, indeed, of any scientific appar- 
atus, desire simple and practical instruction in the best methods of 
managing the instrument and preparing objects. 

How to Use the Microscope. 

A Simple and Practical Book, intended for beginners. 
By John Phin, editor of "The American Journal of 
Microscopy." Second Edition. Greatly Enlarged, with 
50 illustrations in the text and 4 full-page engravings 
printed on heavy tint paper. 12mo., Neatly bound in 
Cloth, Gilt Title. ... . 75 cents. 

The Microscope. 

By Andrew Boss. Fully Illustrated. 12mo., Cloth, 
Gilt Title. 75 cents. 

This is the celebrated article contributed by Andrew Ross to the 
"Penny Cyclopedia," and quoted so frequently by writers on the 
Microscope. Carpenter and Hogg, in the last editions of their works 
on the Microscope, and Brooke, in his treatise on Na* 1 ' ™"*infiOr 
phy, all refer to this article as the best source for 
information in regard to the principles upon whi 
achromatic Microscope is constructed. It should b 
of every person to whom the Microscope is more ti 
Written in simple language, free from abstruse techn 



The Steel Square and Its Uses. 

The Carpenters' Steel Square and its Uses ; being a de- 
scription of the Square, and its Uses in obtaining the 
Lengths and Bevels of all kinds of Rafters, Hips, Groins, 
Braces, Brackets, Purlins, Collar-Beams, and Jack- 
Rafters. Also, its application in obtaining the Bevels 
and Cuts for Hoppers, Spring Mouldings, Octagons, 
Stairs, Diminished Stiles, etc., etc., etc. Illustrated by 
Over Fifty Wood-cuts. By Fred. T. Hodgson, Editor 
of the " Builder and "Woodworker." 
Cloth, Gilt, 75 cents. 

^ 

Mechanical Draughting. 

The Students' Illustrated Guide to Practical Draughting. 
A Series of Practical Instructions for Machinists, Me- 
chanics, Apprentices, and Students at Engineering 
Establishments and Technical Institutes. By T. P. 
Pemberton, Draughtsman and Mechanical Engineer. 
Illustrated with Numerous Engravings. 
Cloth, Gilt, $1.00 

This is a simple but thorough book, by a draughtsman of twenty- 
five years' experience. It is intended for beginners and self-taught 
students, as well as for those who pursue the study under the direc- 
"fcion of a teacher. 

Nap of the Moon. 

This is a copy of Webb's reduction of Baer & Maedler's 
1 celebrated Map of the Moon. It is engraved in the very 
best style, every feature being remarkably clear and dis- 
.tinct. It is accompanied with a small book, which con- 
tains a description of the various topographical features 
shown in the map, and forms an indispensable addition 
to the library of every Amateur Astronomer. Price of 
Map and Descriptive Book, - - - 50 cents. 

JW As the map was prepared for the purpose of the 

Monthly papers on "Astronomy for Amateurs," 
Young Scientist, it was given as a premium to 
that journal. Those who received the map with 
desire to procure the book, can obtain the latter 
cents. 
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